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FEE STRUCTURAL ANALYSIS

1 :. Scope

NThe purpose of this analysis is to document the expected simple

loads on the cold plate through the tie down bolts around the
perimeter of the FEB. Finite element analysis has been performed to
determine the specific vibration modes and natural frequencies. The
simple static analysis is also repeated when one bolt is missing.
Flange analysis of the baseplate is performed as well as analysis of
the attachment and cross bracing of the internal modules.

2 Relevant Documents

2.1 MSFC-JA-418

2.2 SPAH-Appendix B

2 .3 FEB Configuration Drawing 2036-131001.OOA

2.4 MSFC-JA-595, ATLAS 1, Integrated Payload Requirements

Document, Feb 1987

2. 5 Machine Design Calculations Reference Guide, Tyler G. Hicks,
Editor, McGraw-Hill

Z .6 Fastener Preload, Machine Design, Nov. 13, 1986 ,V

2.7 An Introduction to the Design and Behavior of Bolted Joints,
by John H. Bickford, Marcel Dekker, 1981.

2.8 MIL-HDBK-5D

2.9 STRUCTURAL SAFETY VERIFICATION PLAN, PL 2036-1000 DS/01,
Issue D

2.10 Structural Analysis for MAS-Sensor Package,

TN 2036-1000 D5/09

3. Assumptions and input conditions

3 1 Rigidity of bottom plate

'-The underlying coldplate is assumed "soft" in that the net
moments are assumed centered around the center of gravity of the FEB
and the coldplate doe5 not torce any specific moment axis Since all
perimeter bolts on the 700 mm x 420 mm grid are used, 32 tie down
bolts are used For the analysis of the distribution of quas]-static
loads on the tie down bolts the FEE bottom plate will be assumed to
be perfectly rigid around its perimeter. The thick-walled outer cover
attaches to the FEB with the same bolt pattern, which contributes to
the rigidity of the outer perimeter of the base plate

I.

%.

4.
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3.2 Center of Gravity

As various subsections of the FEB have been received, minor
modifications of the internal x-y layout of the subsections on the
base plate have been necessary to maintain the center of gravity in
the x-y plane at the center of the coldplate. This analysis uses the
latest estimates of these module positions. The center of gravity
along the z axis is 135 mm above the x-y plane. The mass of 'he FEB
is assummed to be 60.8 kg.

3.3 Thermal load

The underlying coldplate support structure is expected to be
machined from 6061-T6 aluminum as is the FEB bottom plate, so lateral
x-y thermally induced shear stresses are not a problem. Thermally -.

induced axial stresses in the tie down bolts during landing are
considered however. Such analysis typically considers a range from
room temperature (700F) during assembly to 150°F during landing.
For this analysis we will start from the ZOO C temperature to a
landing temperature cargo bay temperature of 66 C, for a change of
temperature of 460 C.

It is expected that 10-32 English thread, corrosion resistant
steel (A286) tie down bolts will be used around the perimeter of 1he
baseplate. Standard handbooks indicate a stress area of 0.020 in
for this size screw.

3 4 Quasi-static/vibrational load factors
SI,

The FEB mounts on the MSFC orthogrid so the expected quasi-static
load factors are:

LIFT-OFF -3.01+6.0 -4.0/+4.0 -2.7/+2.7
LANDING -10.0/+10.0 -2.41+2.4 -5.9/+2.8

From JA-595 for experiments mounted on the orthogrid coldplate support .,

structure, the random vibration input to the FEB depends on the axis.

On the axis normal to the orthogrid (Z-axis)

20 Hz - 93 Hz 0.006 g**Z/Hz
93 Hz - 200 Hz +9 dB/oct

200 Hz - 356 Hz 0. 06 g**2/Hz
356 Hz - 2000 Hz -9 dB/oct

- 2000 Hz 0 00034 g**Z/Hz Acosioun For

For axis in the Plane of the orthogrid, (X and Y axis) NTIS GA&I
DTIC TAB

20 Hz - B2 Hz 0.006 g**2/Hz usannou n ..

82 Hz - 150 Hz +6 dB/oct
150 Hz - 350 Hz 0.02 g**2/Hz
350 Hz - 2000 Hz -7 db/oct
above 2000 Hz 0. 00034 g**Z/Hz - ' .....

DAi t v t '  ' Cc

1Dt3t

N 2 /P ' 'I.
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4. Overall Analysis Results

4.1 Vibrational analysis

As shown in the FEB configuration drawing, the outer enclosure
consists of five ribbed plates which are assembled into a rectangular

box. Preliminary analysis of the vibration modes of these plates
yielded results which suggested the need for ribs. As can be seen in
the drawing, the top cover has the largest x-y physical dimensions and
the widest rib spacing, which produces the greatest vibrational
compliance. FrT analysis of the forced impulse response of the
completed top cover (clamped to the sides) has found a lowest resonant
frequency of 1074 Hz The prime resonances were observed to be at
1562 Hz and 1782 Hz. The side walls and end walls are physicaly
smaller and have narrower rib spacing 5o their resonant frequencies
will be higher.

A finite element analysis has also been performed for the
vibrational modes of the bottom mounting plate, using additional

out-of-plane elements to represent internal substructures. With the
bottom *late simply supported (ignorIng any additional stiffness %
produced by the coldplate support structure or the side covers), the
lowest natural resonant frequency in each direction h-as been found.
Animation of the resulting deflections has identified the following
vibration modes. For the first frequency of Z16 Hz the filter modules
(the main mass elements) are moving in the Y direction as shown in the

first figure of the appendix. At the next eigen-frequency, Z69 Hz,
the filter modules are moving in the z direction, as shown in the

second figure. For the third eigen-frequency, 341 Hz, the filters are
moving in the X direction while the synthesizers are moving in the Y

direction.

4.Z Random Vibration Load

At the X and Y axis eigen-frequencies, the Power Spectral Density
is 0.02 g**Z/Hz. At the Z axis eigen-frequecny, the Power Spectral
Denisty is .06 g**Z/Hz, using the "normal to the orthogrid" values
from JA-595

The random vibration load factor (RV) is then calculated by

RV = +- 3 * ( f * * P5d )1 /2
2 n

where the amplifcation factor, 0, depends on the damping and is
aseumed to be 10

X Y z

RV = .I- 31 1 g +I- 24 7 g +I- 47 8 "

During lift off the quasi-static load and random vibration load
terms add to produce the following combined load factors The random
load term is added one axis at a time as indicated in JA-418, section e
5123I
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LOAD XG YG ZG
CASE

1 -34.1/+37.1 -4.01+4.0 -2.7/+2.7

2 -3.0/+6.0 -28.?/+Z8.7 -2.7/+Z.7

3 -3.0/+6.0 -4.0/+4.0 -50.5/+50.5

4 -10.0/+10.0 -2.4/+2.4 -5.9/+2.B (Landing)

The maximum worst case combination of accelerations for each load case
will be used.

For the following analysis, load case #1 will be used to illustrate
the calculations. The margin of safety will then be summarized for
all load cases.

4.3 Thermal load

The thermal expansion coefficient for Al is Z.36E-05 and for
stainless steel the thermal expansion coefficient is .1.6E-05. The
worst case temperature excursion (room temperature assembly to cargo
bay landing) is 46 0 C. The net expected axial strain is

enet= (2.36E-05 - 1.6E-05) * 46 = 3.5E-04.

This strain divides between the aluminum flange and the steel bolt
according to the relative cross section and E-modulus for each. The
bearing surface under the bolt head is due to the flat washer with an
outside diameter of 0.406 inch. The effective flange area can be
calculated with the design equations of reference Z.5 (Case 2--page
117)

A = P1 (D 2 - D / 4 2 10 /
AFL PI D W

+ P1 (D i/D - 1)*(D W*L J /5+L~ 2/100)/8

= 3 14 * (0 406 -C C
+ 3 14 * (0.79/0 406 - 1)*(0 406 * 0 66/5 + 0 bt 1100) I 8

= 0 115 in2 = 74 4 mm 2

While for the bolt, a handbook shows a stress cross section for a
10-32 screw of

2 2
A = 0 020 in = 12 mm

%N
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Also,
EFL ' i.aE+07 psi - 68 9 GPa

and
EB = 2.91E+07 psi v 201 GPa.

The net strain then divides between the flange and bolt according to

eBOLT enet AF L * EFL

AB * EB AFL X EFL

eBOLT 2.32E-04.

This bolt strain corresponds to a bolt axial load of

2.32E-04 * 201E+09 * 1.29E-05 - 602 N

4.4 Coldplate mounting bolt preload

Each bolt will typically be torqued between 2.7 N-m and 3.1 N-m
(section 4.3.1.3 of the SPAH Appendix B). The minimum cross section

diameter of a 10-32 screw is

0.1517 inches = 3 85 mm.

From standard handbooks, the expected maximum preload on each bolt is

then

F =5 * T / D
PRELOAD min

= 5 * 3 1 / 3 .85 E-03 - 4026 N

A more precise calculation considers the minimum expected coefficient
of friction with the maximum torque. For a 10-32 (0.19) screw, and a
coefficient of friction of 0 0784, an expression for the preload can
be found from the figure of reference 2.6

70Predwcoi inital
* l ot load

r ~ ~ ~ ~ w "'"0 a rvwCa we W so accunt fn A ~ or

WWn ". onpea " an a Wag~ *

- -1- '-1-01 DW u n Uno tzo "a amn

t0

: . , - ,- , w' L.- .---- ....,.,.I 10 n'e, " " . . . . . . .. ... . . .. . ..-

5W WM o 0 OC oamouoa
-- L1W11ftz r*9~00 508I ftw fn crom

2 l-tr iea~foef
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r 1748 * T = 1748 * 3.1 - 5419 N

maxPRE

The same figure can be used to find the relation between torque and
Preload for a maximum expected coefficient of friction of 0.1323.
After conversion to metric units, the minimum preload is found to be

F n 1134 * T - 1134 * 2.7 - 3061 N e,
mi nPRE

4 5 Lift off produced loading, all bolts present

As de5cJbed in section 4.2. four different load cases will be'
considered Load case #1 will be used to illustrate the calculations
and all load case margins of safety will be summarized

All 32 bolts share the load due to Z-axis acceleration, the net axial

loading per bolt is '

Fzz = mass * acg * ZG /NbIt

F a 60.8 kg 9 9.81 $ 2.7 I 32 = 50.3 N. - .

The global X-axis is along the short axis of the FEB so the conversion
of X-axis acceleration loads through the CG above the mounting plate
is through a short lever arm The moment produced by the X-axis
acceleration is

M x = mass $ acg * XG * length from c.g.

M - 60.8 kg * 9.81 X 37.1 * 0.135 m - 2985 Nm.

This is counterbalanced by the bolts in tension on one side and the
compression against the cold plate on the other side. ."

M 2 * F * [11 bolts * a/2 + 2 sides 5(1/3 * a/6 + 2/3* 2a16)]
SZX,,

'1 / "'N

.
S .

A'

whert . enptt, cf the short side of the FEE bolt mounting centers = 5

F = 2985 / 4 b4 t)16 N -\

,, ,- ,,, * . * ..w ,. C .,, ma.a* ,*.**n*.* *ll-ll*nanm'C'l'|l'Cll ... .. ... . ...-
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The global Y-ax5 is along the long axis of the FEB. The Y-axis

acceleration induced moment is

M - 60 8 kg * 9 81 * 4 0 S 0.135 m - 3ZZ Nm.

This is counterbalanced by the bolts in tension along one side and

compression against the cold plate on the other side

%v.

3q Fz

M = 2 * F * (7 bolts * bIZ + 2 sides $ b (4/5 * 4/10
V ZY

+ 3/5 *3/10 ZI5 *2/10 +1/5 *1/10)]

= 2 * F * b * 4.7.
zy I

Where b 0.7 meter, so

F =48 9N.

Adding the three components (F, FZY, FiX) produces a maximum F
loading on the one corner bolt of

F= 715 N.
z.max

From a calculation similar to that of section 4.4, the minimim torque .

preload can be expected to be 3061 N. Thus the bolt will remain intension

4 6 Liff off produced loading, one bolt missing

If cne of the corner bolts fails, the total load redistributes
slightly An analysis similar to that of section 4.5 shows that the
next nearest bolt on the short axis has a loading of 554 N. The
nearest bolt on the long axis has a loading of 767 N The corner bolt ."

opposite the missing one has a loading of 717 N. The remaining corner
bolt on the short axis has a loading of 7ZZ N And the final corner -

bolt on the lonq side has a loading of 772 N

'.
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4 7 Landing produced loading, all bolts present

During landing, random vibration loading is not present, but the
quasistatic loads are higher. Also the thermally induced load (602 N,
see section 4.3) must be added to the initial bolt preload. Using the
landing load factors and an analysis similar to that of the above
sections the worst case bolt loading due to landing vibration is 306
N .

4.8 Landing produced loading, one bolt missing

If one corner bolt fails, the landing loads also redistribute
slightly Further similar analysis shows that the corner bolt along
the same long side suffers the highest loading due to landing
vibrations of 324 N.

4.9 Mounting bolt margin of safety

The maximum loading on a mounting bolt is 715 N. Part of this
interface load is absorbed by the flange and part is absorbed by the
bolt. If all of this interface force is assumed acting a-t the outer

surface of the flange, then the external interface force divides

between the flange and bolt according to a flange or "screw" diagram.
The actual interface force will probably be effective part-way into _

the flange, but assuming the external force acts at the outer surface

is the most conservative calculation.

In section 4 ; t was shown that the relative spring constants of the .
flange and bolt produces a relative division factor of 0.66. Thus the -
portion of the external load which is taken by the bolt is .

F = 0 34 * 715 = 240 N "
bolIt

,

Ths should be adwed t n the maximum bolt pretension which occurs for
the maximum torque and minimum trictiona r .h

F ltmax 240 + 5419 =5659 N

-

For the A286 stainless steel bolts

o-su 91 E+03 psi = 627 MPa (ultimate shear stress)

070ru 140 E+03 ps = 965 MPa (ultimate tensile stress)

Following the ouidelineE of Feterence 2 9. the bclt Pretension is

%"'%
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first calculated .i th the minimum friction and maximum torque, as
above Then the margin of safety is calculated with the a safety
factor of two on only the interface forces only.

allowble load - %
tu = 2 + Fb

boI t pre

MS (965 i 12.9)/(2 * Z40 + 5419) - 1 1.11
tu

When one bolt is missing, from the above earlier calculations the
maximum interface load is 623 N. Then,

MS = (965 * 1Z,9)/(Z * 0.34 * 772 + 5419) - i - 1.10.
tu 1

Again following reference 2 9, the margin of safety should be also
calculated using an average friction coefficient and with the
application of a 1.4 safety factor to the bolt preload.

MS = (965 * 12.9)1(2 * 0.34 * 715 + 4454) - I = 0.85
tu

While for one bolt missing,

MS = (965 * 12.9)/(Z * 0.34 i 772 + 1.4 * 4454) - I = 0.84
tu

Gapping of the joint under minimum mounting torque and maximum
friction must also be considered. From section 4.4 of this document,
the minimum bolt preload is 3061 N. There will also be a relaxation
of the initial bolt preload which is estimated to be 20%, which leaves
a residual bolt preload of 2449 N. If the flange's fraction of the
external load were to exceed the minimum preload, gapping would occur.

MS = 2449 I ( 2 * 0.66 i 715 ) - I = 1.6

The shear loading comes from the X and Y axis directed accelerations.

F = mass * accel /32 boltssx

= 60 8 ka * 81 * 37.1 /32 = 691 N

F = mass * accel /32 bolts

= 60 8 kg * 9 81 * 4 /32-= 74.5 N

The maximum shear fcrce5 iE thus

F = (k6O1 74 5. 1/2 = 695 N

The above calculated minimum clamping force will resist this shear
force through the rict ion between the surface of the FEB and the
coldplate However the clamping force is not sufficient, so the shear
forces must be taken by the bolts.

MS = (627 * 12 ) (2 * 695) - 1 = 4 85

The bclt has both a tensile loading and a shear loading at the same

PP



2036-1310 NR/01 FEB STRUCTURAL ANALYSIS REV H Feb. 1988 Page 10

ime, following the guidelines of Reference Z.10, the corresponding
factor of limit load capabilities" are first computed and then
ombined.

FLC t MS + I 1,11 + 1 - 2.11 "t tu i

FLC - MS + 1 a 4.8 + 1 - S.8.
5

hen,

FLC
FL ob2 12 1/2comb [(I/FLC ) + (I/FLCs) I

FLC 10.99cob2 2 1/2
Fcomb t(112.11)2 + (1/S.B) J /  ";'

oad case *4 (landing) considers the landing quasistatic loads and the

hermal load calculated in section 4.3

largin of Safety Summary for FEB-Coldplate mounting bolts

.OAD 2 0 SF * INTERFACE 2.0 SF * INTERFACE SHEAR COMB GAPPING %
:ASE ONLY 1. 4 SF * PRELOAD MS MS MS

ALL BOLTS ONE MISS ALL BOLTS ONE MISS

1. 11 .09 0 .85 0 .84 4 .8 0. 99 1 .6

1. 16 1. 16 0.89 0.89 6.4 1. 07 2 .7

5 1.02 1 .02 0 .79 0. 78 29. 1 1 .02 0. 7

1. 06 1.06 0.82 0.82 20.1 1. 06 5.1

1.10 Baseplate mounting flange bending

For simplicity, the mounting flange is considered to consist of

the 3/8 inch thick baseplate only. Additional strength supplied by
the bottom flange of the outer sidewalls is not considered. For the
)ending analysis the flange is modeled as a simple beam in pure

)ending This bending torque is produced only by the quasistatic and
-andom vibration loading, not the bolt preload. Thus the maximum
)endino torque i produced by the maximum bolt loading of 715 N (161

I b

FJ)E W4ALL &Lt)FA7
Lo 4br/V,

-f72- .-.-:

. . . . . . . . . . . . . . . . . . . .~. . . . . . .

",22"4 2 -4'.."""": -." .' " " €"". . ."' .".
"

-'" "; .' "< ,; "-"-""'" ' -"--".",'".'"''
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M 0 492 inch * 161 lb - 79.1 in-lb
0

!n the stress 15

&m-a x 6 * / b t 2

, 6 * 79.1 I (2.76 (.375)2

1223 P5i.

r the 6061-T6 aluminum which is used for the sidewalls and baseplate
eference 2 8)

= 35- E+03 Psi
ty

C5 u = 27 E+03 psi

6t-t =  42 E+03 psi.
tu

erefore the bending stress margin of safety is

1 bfbend = qTu / (Z * 'max) - 1

MSb n 42 E+03 / (2 * 1223) 1 16.2
b..bend

ecking for yield, a safety factor of 1.25 is used.

MS = 35 E+03 / (1.25 * 1223) - 1 = 21.9
bfbend -

11 Baseplate mounting flange tension failure

The flange geometry for tension failure is

COiLb PLATE

2. O, 3 9s' "'

Ce r. w e 7! r, z: th :enesE of the baE.epi te, neqlecting
dewal flanqe thickness, or tress calculations The appropriate
;pression for tension tear out is

ere A = (2 * R 2 * D 3 * t

= (2 76 - 2 * 0.19) * 375 = 0.89 in2

P = 4 E+03 5 0 89 37 4 E+03 lbu

iw -
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The maximum shear load per bolt from section 4 9 is 695 N (155 3b),

therefore MS 37 4 E+03 1 (Z * 155) -1 - 120.
bit

Checking for yield by using a safety factor of 1.25,

MSvbft a (35 E+03 8 0.89) / (I.Z5 * 155) - I - 160

4.12 Baseplate mounting flange shear tear out

The flange geometry for shear tear out at the mounting holes is

N:

k3

A =2 *0 39 *0.375 0.29 in
5

P u ;,'u * A 5

= 27E+03 * 0.29 = 7.9E+03 lb.

Therefore MS = 7.9E+03 / (Z * 155) -1 2 24.

4.13 Baseplate mounting flange bearing strength

The geometry for the bearing strength of the flange is

-" -

. From JA-41E th '::PresEion tor the bearing ztresE is

b ru bru s'tu br 

where Abr D * t = 0.19 inch * 0.375 inch = .071 in2

To obtain the constant from the table of page 10 of the "example"
analVsis shown in the appendix of JA-418, the following ratios are
needed

,'75

.-U. , ,-.--.,"-'.'." .. , .. ' .,' -.-. ' ..- ." 'v .'.'v -"-" ,v -' 'v ,. .: ;-'-; .: ; .;. ';-;'; ; .'.. ;
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e/D - 0 375 / 0.19 inch 2 2 0

D/t - 0 19 inch / 0 375 inch 0 51

Then kb = 2.0, approximately

and P 2.0 * 42 E+03 * .071 5985 lb
bru I

Therefore MS - 5985 / (2 * 155) -1 - 18,

Summary of baseplate edge safety margins

LOAD MNT FLANGE BEND MNT FLANGE TEAR MNT FLANGE MNT FLANGE

CASE TENS YIELD TENS YIELD SHEAR OUT BEARING ,

1 16.Z 21.9 120 160 24 18

2 23.5 31.6 155 206 32 24

3 10.3 14.0 744 993 156 118

4 39.Z 53.6 446 595 93 70

4.14 Outer cover mounting bolts 4

For all subsequent analysis in sections 4.14 to 4.18, the

baseplate is assumed to be fixed rigidly to the orthogrid. The shear
bending loads calculated in these sections result from the
accelerations acting only on the outer cover assembly (four sidewalls
and topwall). The mass of the outer cover is comprised of

4 sides and top, 29.9 lb,

doghouses, pwr bridge, 1.5 lb,

TOTAL 31.4 lb, 14 3 kg
...

The center of mass of the complete cover is ZZ3 mm above the plane of
the baseplate. In addition to the 32 attachment bolts which pass 3
through to the cold plate support structure, an additional 32 bolts
interleaved between the cold plate bolts attach the cover to the
baseplate. These additional bolts are 10-32 English thread, AZ86
stainless steel. When the FEB is being carried by the FEB lifting
device which attaches to the top cover, these bolts carry the weight
of the FEB baseplate and internal modules. When the FEB is being p
carried in this way the accelerations are much lower than during
lift-off or landing. Since these bolts are of the same size and type
as the coldplate attachment bolts, the analysis of the coldplate
attachment bolts (sections 4.2-4.9) is sufficient for these additional
bolts during ground operations.
For lift-off and landing, these additional bolts are analyzed in this 
section.

As in section 4.5, the X-axis and Y-axis accelerations act on the

I%

* ~ *.***~* ** .%4~-U4.- ~ ~ ~ %.,,.
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center of mass to produce tension loading which adds to the Z-axis 
loading. 64 bolts carry this loading from the top cover. The present ,.

analysis is for the 32 interleaved bolts.

Analysis similar to that of section 4.5 shows that for load case #1
the tension loading on these attachment bolts is

F 120 .1 N
zx •

F 9,5 N
zy

F 5.9N
zz

for a total loading of 135.5 N. Due to the preload of the bolt, part

of this interface load is taken by the bolt and the remainder is taken ..

by the flange. For the margin of safety calculation, a saftey factor
of two is applied to this interface force but not the maximum bolt

pre load. -.

MStu = (964 * 1Z.9)/(Z , 0.34 , 135.5 +5419) - 1 = 1.26.

Following reference 2.9, the margin of safety should also be
calculated with a safety factor of 1.4 applied to the bolt preload .I
that results from an average bolt friction.

MS (964 * 12.9)/(Z * 0.34 * 135.5 + 1.4 , 4454) - 1 - 0.97 W

Gapping of the joint under minimum mounting torque and maximum bolt
friction must also be considered. From section 4.4 of this document,
the minimum bolt preload is 3061 N. There will also be a relaxation -.

of the initial bolt preload which is estimated to be 20%, which leaves :
a residual bolt preload of Z449 N. If the flanges fraction of the
external load were to exceed the minimum preload, gapping would occur. "i

MS 2 2449 / (Z * 0.66 * 135.5) - 1 = 12.6.

Shear loadings are produced by the X and Y axis accelerations.

P 0 (14.3 kg * 9.81 * 37.1) / 64 = 81. Nsx
I

P = (14.3 kg * 9.81 * 4.0 ) / 64 = 8.7 N
s v

Considering the vector sum, P = 81.5 N
5

If no relative motion between the top cover and the baseplate is to
occur, the resistance produced by friction must be greater than this
amount. Assuming a friction coefficient of 0.15

F - 0.15 * 2449 - 367 N r%fric ;

Then MS 367 /(Z * 81.5) - 1 1 3.

If the friction between the cover and baseplate were not enough, the

bolts would have to absorb the lateral loading. Using the strength of .

S..,-S...
• - . ..
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the bolts and the stress cross-section

MS (627 * 1Z.9) I (2 * 81.5) - 1 = 48.6
5

The combined "factor of limit load capabiltiv" is then calculated as
in section 4.9. Since the shear safety margins are so large, the
combined safety margin is very close to that due to tension only.

Margin of Safety Summary for FEB outer cover mounting bolts

LOAD Z.0 SF * INT 2.0 SF * INT SLIP SHEAR COMB GAPPING
CASE ONLY 1.4 SF * PRE MS MS MS MS

ALL BOLTS ALL BOLTS
1 1.26 0. 97 1 . 3 48 . 6 1 . z 1 Z. 6

2 1.27 0.98 1.9 62. 1 1. 27 18.7

3 1.26 0.97 10.7 Z56 1.26 z.z

.?4 1. 13 0 .86 7 .2 179 1 .12 35 1

4.15 Sidewall mounting flange bending

The maximum bending momement acting on the sidewall flange is
produced by the external interface load at the joint.

,;',

5 W.4*"u1

•.-%,

M F * 0.492 in = 15.0 in-lb
0 zmax

Then the maximum bending stress, assumed tensile, is .

=ax 6 * M /(1.38 * 0.12) 6516 psi
0

The margin of safety (using 42 E+03 psi) is

MSfn 4Z E+03 l(Z* 6516) -1 a Z.Z

sf bend

Of course, the stiffing added by the ribs in the sidewall will

increase the margin of safety.

4.16 Sidewall flange tension failure

The margin of safety calculated in section 4.14 indicates that no

% .1. .F 'r %
ALI
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slipping between the top cover and baseplate should occur If
slipping were to somehow occur, the following calculations demonstrate

that the sidewall flange has sufficient strength

The flange geometry of the sidewalls for tension failure is:

'X .38

The appropriate expression for tension failure is

P= c: AtP AJ
t t

where At , (Z* R - D ) $ t

= (1.38 - 0.19) * 0.Z8 0.33 in

P = 4Z E+03 * 0.33 14 E+03 lb
u

The maximum shear load per bolt from section 4.15 is 81.5 N (18.Z Ib),

therefore MS = 14 E+03 / (Z * 18.Z) -1 = 383

Checking for yield with a safety factor of 1.25,

MS = (35 E+03 * 0.33) / (1.25 * 18.Z) - 1 = 511

4.17 Sidewall mounting flange shear tear out

The flange geometry for the shear tear out is

t ,'I

," P u = ,,q-u A s

a 27 E+03 $ (Z , 0 39 * 0.Z8) 5897 lb.

Therefore MS - 5897 / (Z $ 18.2) -1 161.

I
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4.18 Sidewall mounting flange bearing strenqth

The geometry for the bearing strength )i the :Iin;e 15

From JA-418 the expression for the bearing 3tr-e- :s

Pbru kbru tu Abr

where Abr D * t = 0.19 inch * 0-Z8 inch = .053 in

To obtain the constant from the table of page 10 of the "example"
analysis shown in the appendix of JA-418, the following ratios are
needed

e/D - 0.375 inch I 0.19 inch 2

D/t = 0.19 inch / 0.28 inch = 0.68

Then k b  -2 .0, approximately.
Tebru

and Pbru 0 2 * 42 E+03 * 0 053 = 4468 lb

Therefore MS - 4468 / (Z * 18.Z) -1 - 122

Summary of sidewall flange safety margins:

LOAD SIDE FLNGE BEND SIDE FLNGE TEAR SIDE FLNGE SIDE FLANGE
CASE TENS YIELD TENS YIELD SHEAR OUT BEARING

1 2.2 3.3 383 511 161 122

Z 3.7 5.2 495 660 208 157

3 2.1 3.Z 2373 3164 999 757

4 7.6 10.4 14Z3 1898 599 454

bo
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5 Internal module analysis

5 1 Power distribution bridge

The power distributiorn bridge attaches at each end to the top of the
signal and power d 1oghouse5 with two *6-32 type AZ86 stainless steel
screws.

K I

The power distribution bridge is a thin U-channel that carries the
power supply connectors. Z-axis loading on the FEB will Produce
tension loading in the attachment bolts. X-axis and Y-axis
accelerations produce shear in the attachment bolts but little
additional tension since the bridge is thin.

Due to connector mounting holes, the effective cross section area is
reduced near the center of the bridge where the maximum bending stress
occurs. Load case #3 (Z-axis accelerations) will produce the maximum
bending moment.

R 0,5 4 W b ZG = 0.5 * 0.5 * 50.5 = 12.6bridge ..

M0 = R * LIZ - 0.5 * bridge * ZG S L/4

= 12 6 lb * 6.37 in - 12.6 lb * 3.19 in = 40.2 in-lb

_.4L /1 ' 'V..%W

0 116 in and I = b 86 E-04

Then a. = M * 1
0

= 40 * 0 116 9 B6 E-04 = 4723 psi

--9
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Thus, MS = 42 E+03 / (2 * 4723) -1= 3 4t bend

Checking for yield,

MS = 35 E+03 / (1.25 * 4723) - 1 4 9V bend

The maximum shear occurs at the end of the beam due to reaction R
The shear area is the cross section of the beam at the doghouse.

2
P = 27 E+03 * 0 25 in 6750 lb

5

Then MS =6750 1 (2 * 12.6) - 1 = 266.
5

The power distribution bridge attaches to the each doghouse with two

6-3Z screws at each end Since the bridge is relatively thin, X and Y

aXis moments do not produce additional Z-axis loading.

Fzz = W bride * ZG /(4 bolts) = 6.3 lbs (LC #3)

The bolt preload must first be calculated. The expected range of

tightening torque is 10 to 12 in-lb. Using the figure of reference
2.6, for the minimum friction value of 0.0784 and the maximum torque

F = 60 S 12 = 720 lb.maxPRE

Also calculating the average preload and minimum preload

F vgPRE= 50 * 12 = 600 lb

and F mnPRE 40 X 10 = 400 lb.

2nR
The stress area for a 6-32 bolt is 0.00909 in , thus

P = 140 E+03 * 0.00909 = 1270 lbut

The fraction of the external interface load that is take by the flange
iE determined by the f ange geometry which fits case Z of reference

2 5 Page 1-7

A P1 * (D - h ') / 4
+ P1 * - ' F , 1) * (ITD * L ,' + L "/100) ! E,]W

S w w j j
a2

= 3 14 * (0 2 0 z 2 4

+314*~ 20 32' i50.? 0 2 !5 + 0 2 1O0) /8

= 0 0765 in&

The area and modulus -1 elasticity for the flange and bclt are used to

determine the joint or "screw" diagram.

FRAC - A E5

A E * A E
B B

.a.a



TN Z036-1310 NP/01 FEB STRUCTURAL ANALYSIS REV H Feb- 1988 Page 20

0 07bE~ * Ir07 074

0 00909 * Z 91E+07 + 0.0765 * 1E+07

Thus most of the external inte7 tace load is taken by the flange.

The margin of safety can then be calculated using a safety factor oF
two on the external interface load.

Ms = (1270)/(2 * (1-0.74) * 6.3 + 720) - I = 0.77

Using an average value for the coefficent of friction, and a safety
factor of 1 4 on the resulting pretension.

M t  = 1270)1(2 * (1-0. 74) * 6 .3 + 1.4 * 600) - I = 0.51

Gapping of the icint under minimum mounting torque and maximum torque
friction must be considered After the 20 % relaxation from the
initial preload, a preload of 0.B * 400 = 320 lb results. If the
flange's fraction of the external load were to exceed this minimum
preload, gapping would occur.

MS g 320 I (Z * 0.74 * 6.3) - I = 33.1
gap

The shear loading comes from the X-axis and Y-axis accelerations.

F = ;. XG / 4 bolts
sZ bridge A

= 0.5 * 37.1 / 4 = 4.6 1b (LC #1)

F = * YG / 4 bolts

sy bridge

= C 5 A 4 0 / 4 = 0 .5 lb (LC #1)

2 2 1/2and F = ((F ) + (F ) ) 4.7 lb
sxy 5x sV

To avoid slipping between the bridge and the top of the doghouse, the ,
maximum possible she-r force is calculated using a friction value of
0 1'-' betweer, the memzerE and the relaxed minimum bolt prelcad

Ff = 0 15 * 3Z0 lb = 48 lb

Thus MS = /r* 7)- 4 4

1! *he hc1Z"nci ?:: r was not sufficient, the mounting bolts can
aosort the shear !oat

M FQ1E+03 * 0 00909) / (4 * 4 7) - 1 = 88S

These shear loads are small enough that tension and shear tear out of
the 0 Z inch thick flange of the power distribution bridge do not need
to be calculated

pt.

-A
A,

, * -- -- -| I i
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Margin of safety summary of power distribution bridge

MS BRIDGE BEND BRIDGE BOLT TENSION GAPPING SLIPPING BOLT
TENS YIELD SHEAR 2.0 2.0 & 1.4 SHEAR .

3 4 4.9 266 0 77 0.51 33.1 4.2 88

5.2 Signal and power doghouse

The signal and power doghouses attach to the connector endwall of
the FEB. Y-axis loading of the FEB produces direct axial tension in
the mounting bolts. X-axis and Z-axis loading produce shear in the
mounting bolts and tension through the moments produced on the CG.
The loading of the power distribution bridge is modeled by adding a -.

point mass of Wbrd /2 at the bridge attachment point

9. -

,.

b~os~ r63. 0.5 d

For tension calculations, the effective center of gravity, CG, must be
first found. The moment calculations are straighforward.

Mox (Wdoghouse Wbridge/Z) * XG * 0.78 inch

= (0.5 + 0.5/2) * 37.1 * 0.78 = 21.7 in-lb
1%

T , c-:r terc bN he bcIt react:c r., r

YX 0.115,

0 x ,'2 ',

r = ZI (9 tii226

YX

S 2*4 +2*0 5I095) 0 95nch*F

r = 21 2 " 9 t = 2 26 lb ,'% -

I

' _ ... ' ,.,, , ........ .. . ..- .-,. -,,5,
: ,'. , .., , ' : , ,. , , " , ", .. .- '; . .:" .i .i ,,. .i -, = , , , . , . _ , ' . _
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The Z-ax:. acce'eration- &5lso produce a moment around 'he G which is
counterec bY the distributed Perimeter bolts.

FV Ft

0F FS

-152 f)'

fLI

y - _+L=3, N., Y+ 12 -r t ;J* 0 ?B c

M oz (Wdoghouse +Vbr1dge/2) * ZG 0.78 inch

= (0.5 + 0.5/2) * 2.7 * 0.78 = 1.58 in-lb

F = Moz / (17.2) = 0.092 lb
y o

The Y-axis induced load acts through the new OG, and directly produces
tensile loading

(= + W /2) * YG)/ 12 bolts
yy doghouse bridge V

= (0.5 + 0 5 Z) * 4.0 12 = 0.Z5 lb

Bolt positions A or B may suffer the maximum loading depending on the
load case J .

A yy vz 4 YX

F B = F + r F * 0 l5/0.95
B vy vZ vx

LOADCASE r

1 ;. c 5: Ift ,

2 24 208 _
3 2 0 2 16

4 0.0.

The e lco.d.j are -Ii ver v Em-11 comp&ret tc the bel prs.!oad The bolt

preloac w:1I esentialv c1zo tr,* the totI bolt load A ioint diagram
is not needed (Also the soft elastomer gasket which is used for EMC
control fully c:mpresseE anc! doe. not enter intc the )cir t diaqram.
calculations

The 6-32 boltE used to attach the doghouse to the sldewall are type
216 stainless steel tor which

= 3 5 E+Q?

= 5 E+03

4. .. ' 5/ *2
5

S.4-
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The ultimate bolt strength is then

P 7 ?5 E+03 * 0.00909 = 682 lbtu

P = 37.5 E+03 * 0.00909 = 341 lb
5U

The expected tigthening torque is 7 to 8 in-lb. The maximum bolt
preload is then

F PRE 60 * 8 = 480 lb

and F = 50 * 8 = 400 lbavgPlE

F = 40 * 7 = 280 lbminPRE

The shear loads in these bolts are produced by X-axis and Z-axis
acceleration. The maximum shear load occurs for load case 03.

P s = (Wdoghouse + W bridgel/2)* XG = 4.5 lb

P Z = (W doghouse + W bridge12) * ZG = 37.9 lb

The primary shear loading for each of the 12 bolts is simply

P ((P 2 2 1/2S = (P ) + (P 3 3 /12
5XZ 5 x 5

= 5 22.1
*,, , 3 2j3oC

P 5 1 51

"' c,4 C" 05 ,1(5"

.Cince P passes thrcu~z. :ht center of 5crews. only P
produce-zan eccentric shear loading on the screws. TR worse case
additional loading is 0-25 lb. The loads are so small that continued
detailed analvsi i5 not necessary

P.cwer supp" v

The power supply i5 fastened to the FEB baseplate through an adapter
plate so that it can be removed from the top without accessing any
screw heads on the underneath side of the FEB baseplate The
commerical power supply is attached to the adapter plate through the
following hole patterr, with 6-32, type A286 stainless Szrews

~~--

'-7.
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The CG is. assumed directly overtop the center of the screws Z-axis-
accelerat ion Produces tension only.

F~ ~~ = z$G /6 bol1ts5
"Z pwrsUP

W3 9 * 2 7 / 6 1 .76 lb

X-ax15 acceleration produces a moment of

M =W *XG $1.8 inch
07. pwrsup

This 1E counteret by

F ZY= M O /(4 *4 5 inch) =14.5 lb

The Y-azis acceleration also Produces a moment,

M = YG *1.8 inchOV pwrsup

-3 9 * 4 *1 8 = 28.1 in-lb

which is countered by

F =M "E 1.125/2) =8.3 lb

The max-imun, tens~le load :5 then

Fmx + F + F

= 14 5 - E 3 + 1 76 = 24 5 l b

Part of th.evternal Intertace load in taken by the flange These
bolts are countersunk into the underneath side Of the 0 15; inch thick.
adapter plate -he e! tective f lange area for suc.h 8 s-ituation 1E not
described in the references Therefore the effective flange area willI
b e c alIc uIa te d u ,ng the diameter of the flat-head screw (0 307 inch)

((C 0")2 C 14 2 4 = 0 051

The f ract ion of The w.:terne I interface load taken by the adapter pla te
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FRAC APPEB+'%

0 0 ?* 1 F 0 69
C, 0090 * 2 91 E+0? + 0 059 * I E+07

ius most ot the external intertace load is taken by the flange

,e margin of saiety can then be calculated using a safety factor of
,'o on the external interface load.

MS t  1270;/(2 * (1-0.69) * 24.5 + 720) - I = 0+73

sing an average value for the coefficent of friction, and a safety
actor of 1 4 on the resulting pretension.

ME t = 1270 2 (1-0.69) * 24.5 + 1 4 * 600) - I = 0.49

apping of the )cint under minimum mounting torque and maximum torque
rlCtion must be considered. After the 20 % relaxation from the
nitial preload, a preload of O.b * 400 = 320 lb. If the adapter
late fraction of the external load were to exceed this minimum
reload, gapping would occur.

ME 32c (7 * 0 69 * 24.5) - 1 = 8 4gap.%.

'he shear loading comes from the X-axis and Y-axis loading.

F; * XG / 6 boltsFsx pwrsup

= 3 9 * 37.1 / 6 = 24.1 lb (LC #1)

F = 1.' A YG / 6 bolts

Sv pwr su p

= 3 9 * 4 0 / 6 = 2.6 lb (LC #I)

nd F (F +(F 2 lb)) 2sx a = 4s X 11 5 Y .%'e

7 tr.' ' - .:e. h - o)c, er EUP v and the -,3ap " r i ,]i ' the
IF:n n. P, p: Eble i E n t: C s aa ,calculated using a trtctn vzlue o
15 between the members and the relaxed minimum-bolt preload.

C, 1 t2 l 4E lbt

"= -4 - " ~ I *- I = (' '3f .l

'nce the holdinc friction is not sufficient, the mounting bolts must
bscrt !he Ehea r .ad

ME = iE : * 0 00909. / t * 24 Z - 1 16 1

r,-, T-u " ;no 1 su ta ir, both tension and shear, the effect
f bc h tre r r-cmt:nec throuqh calculation of the corresponding
f a t r f m imi I I i- t , t '  wh ch are then combined

.-

", ."" .,""" , L . ", .r "r . ..- ." "" . ""% """,""- , ,( . -;":"-".. . . . . . .- . .-"-". .. "".""'". . """. . """" .
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FLCt . MS t 1 I =O73 1 I 1.73

and FLC -MS + I -16.1 + I - 17.1.
5 5

Then FLC cm 21/Z1 72

The Power supply attachment holes are located far enough from the
edge,- of the adapter Plate, that tension tear out or shear tear out
are very unlikely.

Checking for the bearing 5trength

e!D 0 C 4 / C, 14 S 3

D /t =0.14 I0 15 0 93

*yield E bru )3.

A Dr= t =0 14 *0 15 2 1 E-02' in

Then F ' A
t ru 'tr 1 t bru

=3 0 * 42 E+03 * 12 1 E-02 26 4 6

M2.646 I 2 *4 2) - 1 54
bru

!* a f:2r 5t Ctv Eummeary, Power supplv tc adapter P1t ;ntert~.ce

LOA P&~~ADAPT MS A S LP M SHEAR MS COMB MS

Z CC' & 1 4 BEAPING

E4 54 -0 01 16 1 0 72 5)4

C244 26 C: 2 5 Z20 7 0 6- 68

-C43 4 12 E2 7 0 70 282z

C 4 so 17 2 2 59 60 9 0 74 196
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The power supply adapter plate attaches to the FEB baseplate with
fourteen, 10-32 type AZ86 screws in the following pattern. The total
weight is the sum of the power supply and the adapter plate (3 .9
0 4)

C6-

7'-'

Since the CG is directv over the center of the screws, Z-axis loading
produces tension only.

F = (W .W ) ZG / 14 bolts zz pwrsup adapt

= (3 .9 + .4) * 2.7 1 14 - 0.83 lb. "

X-axis acceleration produces a moment of

Mox (Wpwrsup + Wadapt XG 1.78 inch

= (3.9 + 4) * 37.1 * 1.78 = 284 in-lb

i~~4 

1,, 0 -r 
%

7:i -E counteret by .

'
M /o(4 (1 + /3 1!3) x S Z 5 )

,,I

Fz 

,
8 2 4 E/ 46 5 7 C I t{ ,

The "; a: .acce eration E s o produce s ;, moment,.

'U,

M 
+ W 

Y. 3 1 7 inch-
o v p w r 5 u p a d a p t 

'
= 3 9 + 4 ) 4 0 1 ?b 8 30 6 1 n-I b" 

-

l~i.
'-% ".. ,,-%.'', 

.• 
. -.;%,-, , -, ,. .,,... . . . .- - - - .,,. , % .'-' L - %' ,' " "V -

'- ''' "'' '" "i " i 
n' ' m "- I-- "' ' "I " 'I -.. , .-, _ ' , 't, ,.' 'e',',_ ,',-,, " ,'.''I~ i'4", ..' ,' ,.,- ," ". ,ip.
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This is countered by

Fzy = M 1o/(14 * 1.05) = 2.1 lb

The maximum tensile load is then

F w F + F + F
max zx zY zz

- 6.76 + 2.1 + 0.8 = 9.7 lb

Part of this external interface load in taken by the flange. The
geometery of the flange is closest to case 2 of reference 2.5. The
calculation of the effective flange area is

A = PI * (D 2 - Dh_) / 4
+ PI * CZD./D .1) * (D * L./5 + L /100) / 8

w w

= 3.14 * (0.375 - 0.25 2 ) / 2
+ 3.14*(0.5/0.375 - .1)*(0.375 * 0.15/5 + 0.15 /100) / 8

= 0 .067 in2

The fraction of the external interface load taken by the adapter plate
is

A*E

FRAC A A*
AB EB A E

0 06? * I E+07
0.02 * 2.91 E+07 + 0.067 * 1 E+07 = 0.54

A joint diagram will thus show that 0.54 of the external interface
force is taken by the flange and 0 46 of the interface force is taken
by the bolt which adds to the preload of the bolt to produce the

,. maximum bolt stress.

The expected tightenina torque is 30 to 34 in-lb Thus for minimum
fricticri fu =0 C054) an ma.:imum torque (using the "nut factors" from
re-eren e Z 6,

S a. ., = ISIC lb

For an average friLtior, value of u = 0 1,

F = 3t E A 34 = 1241 lbavg PRE

and tor the maximun. fri:'iir. value and minimum torque,

Fm= 6 8 * 30 = 8e4 lb. 
minPRE

TriE minimum Preloaa will ve reduced an additional 20 % for the
gapping analysis which will follow

The margin of satetv c'an then be calculated using a safety factor of

-,'
-,5
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two on the external interface load.

(28100U 2 * (1-0 54) * 9.7 + 1510) - I 0.84 A.

Using an average value for the coefficent of friction, and a safety
factor of 14 on the resulting pretension.

MS t  = (ZB00)/(Z * (1-0.54) * 9.7 + 1.4 *1241) - I - 0.60

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the Z0 % relaxation from the
initial preload, a preload of 0.8 * 864 = 691 lb. If the adapter
plate fraction of the external load were to exceed this minimum
preload, gapping would occur.

MS 691 / (2 * 0.54 * 9.7) - I = 66.
gap

The shear loading comes from the X-axis and Y-axis acceleration.

F = (W +W ) $ XG / 14 bolts
sx pwrsuP adapt .

= (3.9 + 0.4) * 37.1 / 14 = 11.4 lb "Q1

F = (W +W ) * YG / 14 boltssy pwrsup adapt

= (3 .9 + 4 * 4.0 I 14 = 1 2 lb

and F = ((F 2 + (F 2 1/2 11.5 lb
sxY 5x sy

To avoid slipping between the adapter and the FEB baseplate, the
maximum possible shear force is calculated using a friction value of
0.15 between the members and the relaxed minimum bolt preload.

S 0. 15 * 691 lb = 104 lbFfric

Thus MS = 104 / (Z * 11 5) - 1 = 3. 5

If the holding friction was not sufficient, the mounting bolts can
abs:rt the shear )cad

MS = (91E+0 # 0 02) / (2 * 11 5 - 1 = 78.

in e these mount:no belts Eustain both tension and shear, the effect
S . .treE are cmned through calculaIon of the ccrresponding

"- dm t cd a pat l li t ief" whi c, are ther zomb ned

FLC t  = MF t  + 1 0 84 + 1 1 4

and FLC = ME = + 1 = 79

V,,

-Np!

I..

I

~ ~* ~. % ~ 'A%
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Then FLCcomb 2 2 1/2 1.84
cob (1/1. 84) + (1/79) 1

Margin of safety summary, power supply to adapter Plate bolts,

LOAD BOLT ADAPT<-)BASE GAP SLIP BOLT MS
CASE 2.0 SF 2.0 & 1.4 SHEAR COMB

I 0.84 0.60 66 3.5 78 0.84

2 0.84 0.60 37 4.8 100 0 83

3 0.83 0 60 34 22 4 410 0. 83

4 C.85 0 61 131 15. 4 287 0. 85

The adapter plate must withstand the bending produced on its flange by
The Y-axis loading.

, .. , -
K \ -- ,-

'410y

M = 0.25 inch =F = 0.25 * 9.7 = 2.42 in-lbo°  0 5ic zmax

then the stress

=6*M /bt 2 I'bend 0

= 6 * 2 42 / ( 1.31 0 0.15)

= 493 psi

-hear stress is also present,

Fzma shear
= c. 7 2 ! 1 0 15) = 4v 2 5"

The combined stress is then

11-ma x bend 2 hear

((493)2 2 1/2
+ 3 S (49 2) ) 499 Psi

The margin Of safety is

ME = 4. E+03 / (Z * 499) - 1 41 1ubend

"5,'

NI;""....
si'
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Checking for vield,

MS =bend  35 E+03 / (1.25 A 499) - 1 55.8

The flange geometerv ior tension failure iE

A7,

The ultimate s:rengt. ;or tension tear out is

where A t = (2 * R - (D I + D2 )Z) 4 t

= (1.31 - (0.25 + 0.4)/Z) * 0.15 0.148 in 2

P = 4Z E+03 * 0.148 = 6205 lb
u

0 The maximum shear load was 11.5 lb, thus

MS utear = 6205 / (Z * 11.5) - 1 270.

Checking for Yield by using as safetv factor of 1.25,

MS tear = 35 E+03 * 0.148 / (1.25 * 115) - 1 360

The geometry tor shear tear out is

\ ,-)

\ , A.- N

SC *0 15 0 075 in'

Ther, M5 = 7 E5+3 * 0 075 * 11 5) - 1 = 87 4
shear

P-e

-' .~* ~ *oU
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Checking for the tearinp strength-

\ * o

g .2 S-

eL = c :s / 0 4 = 0 63

LIt 0 4 1 0 15 2 2 7

yield a Ybru 0 3

A D t = 0 4 * 0 15 2 0 06 in

Then P bru a k bru * A * u

= 0 3 * 42 E+03 * 0 06 = 756

M = "56 / (C *11i53 - 12=32-bru .1

Margln of safety summary for power supply adapter plate:

LOAD MS BEND MS TENS TEAR MS MS
CASE TENS YIELD TENS YIELD SHEAR BEARING

1 41 C.I >10 360 87 32

2 23 31 343 458 111 41

3 Ci 28 1400 1867 456 170

4 Ec I C :309 320 11,

S 4 F'.ter5 and :omputer

T1,. ' :j e' nd n-1 rc _, I lter modules "wi de" and 'narrow' RF
c t , -c -un t dTreI L v t* f ni u n t d 1 " h ;wc ..Iv'
C,-., 'Etiet: etee1 z-rewE AALdA Additional crest tie, ig e.

across the tops of these units and diagonal oraceE prevent gross
rotation of the aEsemt leE about the Y-axis Eact module E wIqht iE
4 95 lb except tcr the computer whose weight iz. 4 lb Th I weIqht -,
includeE 0 05 lb ior the prorated portion of the top U-channel The
analvsis of this sec ion will consider a group of five fIlter modulues
whic h i the worst case compared to the other qrCup of I our f i Iter' e.
and one computer

The U- hannel I rac ng ct,:r E the til ter topf prevent jnd;'.iduaI ilter .
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movement along the X-axis Each subgroup of five filter modules has a
diagonal cross brace on each side for stiffness in the X-axi5. These
diagonal brace5 have a separate attachment to the FEB baseplate.

The free bodv deramE for each filter module and for the five filter

subgrouF s ,

Fx/M

F- F. F, Y ,
21'.

F2x

From the geometry shown above, the Z-axis load produced by the X-axis .
acceleration is

F tan(&) * (2.5 * F+ r
z x x xb

where F = 4 95 lb * XG / 2 sides - 4.95 * 37.1 / 2 - 91.8 lb

and F = 0,28 lb * XG * 2 braces I 2 sides = 10.4 lb
xb

thus F = :an,6-0) * (2 5 * 91.8 + 10,4) = 471 lb

The Z-axis acceleration directly produces tension in the attachment

bo] t 5

F = t 2 * %ib ) * ZG / 2 sides
f It b ace

=(4 95 + 2* 0 28) *2.7 /2 = 4 b

The Y-axis acceleration produces a moment

S = ,4 05 * * 0 26/2 * YG * 11 625,1Z inch
0 V

+ I It * YG 14 * 3 2 5 1ic -, h in-lbt

One-half of each brace iE allocated this outside filter module, the
other ".ur modue wcu J have only the 4 95 It of their own weight A
r, .. ..-e .: ... IF mcjule adds tc the Y-axi load An11vs5 o f

h ... . ,..a : T l2er section will vieid cne tcurth 
c f the load

• "%

2. ' %. * r . --- ''-.-'*.. a
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This moment is countered by F
zv

F M /(Z * 6 inches) = 267 / (2 * 6) ZZ 3 lb
zy ov

The maiimum tension load is

F =F + F + F
ZmaX zx ZY zz

= 471 lb + 22.3 lb + 7.4 lb = 500 lb

To determine the division of the external interface load between the
mounting flange and the bolt, the effective joint area of the flange
must be calculated

For the mounting ieet at the end of the filter module,

The ioint geometry fits case 2 of reference 2.5

A = PI * (D 2 - D h) / 4
+ PI * D.D h .1) S (D * L./S + L. /100) / 8

w w

2 2= 3 14 * tO 375 -0 5)/ 4 2
+ 3. 14 (0 437/0.375 - .1) (0.375 * 0 625 /5 + 0 6Z5 /100) / 8

= 0 OB3 in

The frac*:on of the external interface load taken by the mounting
f Iange Es

_ FRAC =
~ A SE +A SEr

A 0E* F-I•1E

= = 0 ul '
0 C18 * 2 91 E+07 + 0 083 * 1 E+07 I,

The tIe down bcits are made "captive" by reducing the shank diameter
to that of the thread root Thus the effective stress area will be
sliaht Iv smaller than the t vp1caI handbook value for a 10-32 screw

2 z
A = P1 dia I 4 = 3 14 5 (0.152) /4 = 0 018 in2
cap

Thus P 91 E+03 5 0 018 = 1651 lb
US

and Fu, 140 E40': 0 018 = 2540 lb
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The expected tightening torque is 30 to 34 in-lb. Thus for minimum
friction (u =0 0764) and maximum torque (using the "nut factors" from
reference 2 6)

F PRE 44 4 * 34 - 1510 lb

For an average friction value of u = 0.1,

F =vgPR 36 5 * 34 - 1241 lb

and for the maximum friction value and minimum torque,

F = 28 8 * 30 = 864 lb.
minPRE

This minimum preload will be reduced an additional 20 % for the
gapping analysis which will follow.

The margin of safety can then be calculated using a safety factor of
two on the external interface load.

MSt = (2540)i(2 * (1-0.61) * 500 + 1510) - 1 - 0.34

Using an average value for the coefficent of friction, and a safety
factor of 1 4 on the resulting pretension.

MS t  = (Z540)/(Z * (1-0 61) * 500 + 1 4 * 1241) - I = 0. 19

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation from the
initial preload, a preload of 0.8 * 864 - 691 lb. If the mounting
flange fraction of the external load were to exceed this minimum
preload, gapping would occur.

M 5 691 / (2 * 0.61 * 500) - I = 0.13.

gap

The shear loading comes from the X-axis and Y-axis loading.

From the previous free body diagram,

F F Z' + F 12Fsx ,' + xb/

= Cl 8/ + 10 4 /2 =51 1 lb

= * YG / bolts
" t;t brace .

='4 5 0 8)* 4 0 / 2 =I0 5 lb

21/2and F = F 3 + ,F 3 ) / : 52 1 lb
5xy sx 5V

To avoid s1ippanq between the filter and the FEB baseplate, the
maximum possible shear force 15 calculated using a friction value of
0 15 between the members and the relaxed minimum bolt preload

F : 0 15 * to1 lb = 104 lbfric U

.7%

".. ..".-" ,:..".-".... , v " " .-: ",".- : .- : (q.-".-".- ..: <..,q .. .- "- " '.-',-,.'- ",".. -"-":- ".-.,/- ', . 5.'.



TN 2036-:i0 NR/01 FEL STRUCTURAL ANALYSIS REV H Feb 1988 Page 36

Thus MS 104 I (2 * 52.I - 1 = -0.01
511r,

For load case #1 and #2 the margin of safety for slipping is negative
for the worst case minimum preload, however the mounting bolts can
absorb the shear load

MS = (91E+03 * 0.018) I (2 $ 52.1) - I = 14.7

(For load case #2 the bolt shear margin of safety is 9.8.)

Since these mounting bolts sustain both tension and shear, the effect
of both stress are combined through calculation of the corresponding
"factor :f limit load capablilities" which are then combined.

FLC = Ms + I = 0.34 + I = 1.34

and FLC = MS + I = 14.7 + I = 15.7.
5 5

Then FLC = = 1.33
1[(11. 34) + (1/15. 7) / 3

Margin of safety summary, filter module mounting bolts:

LOAD FILTER MOUNTING MS MS BOLT MS
CASE 2 0 SF 2 0 & 1.4 GAP SLIP SHEAR COMB

".e

1 0.34 0.19 0.13 -0.01 18.7 0.33

2 0.49 0.32 1. 32 -0.31 9.8 0 48

3 0 50 0 32 1I. 38 2 .89 60 ,4 0.50

4 0 56 0 37 2 .61 Z. 42 53. 0 O. 56

The mounting flange must withstand the bending produced by Fj zmax .

L n: C*- 2: :2,= 1'5 in-lb
zmax U.

then the stres-

bend M C

- r 12 / 0 (7 * t0 6Z5) ,

.

,. %

%. Z
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= 1973 Psi .0

Shear stress 15 also present,

shear zmax shear

= 500 / (0 973 * 0 625) 822 psi
I-.

The combined stress is then

-Mabx bend shear

2 21 /2
= (I973) + 3 * (82Z) ) 2435 psi

The margin of safety is then

MS 42 r+03 / (Z * 2435) - 1 = 7.6.
ubend

Checking for yield,

MS = 35 E+03 / (1.25 * 2435) - 10.5.ybend" "

The flange geometerv for tension failure is

The ultim -F s:t-erizct. for tension tear out is

I
where X (b- D) * t

- 0 73-025) * 0 625= 0 45 in=-

P = 42. E-03 3 0 45 = 1 9 E*04 lb

The maximuir. shear load was 52 1 lb (While this resultant shear does
not a act to produce the tension tear out, using the total shear

load Iz the conservative approach.)

Thus MS e 1 9 E+04 I (2 * 52 1) - I = 181.

Checl:ino for vield by uEing as safetv factor of 1 Z5,

ME = 35 E+03 * 0 49 1 (1 Z5 * 52 1) - 1 : 242
vt ear

i i
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The geometry for shear tear ,ut is

/14

"7"

5 -960

Then MShe 2.7 Er03 D0 0 Z4 8 8 52 ,, -i = ol

Then p chear

ChecMin Of "-fet bearyv forfngh

1~C 7. 10511 24"1 1

e 1 = 0 19 Z 0.19 = 1 0 "

DIt = 0.19 0 625 = 0 30 ..9

yield a kb u  0. 8

Ab =D * t =0 19 $ 0.188 0.036 in 2

Thn P = k * * .; A
Te bru bru Abru

= 0.8 * 42 E+03 * 0.036 = 1200 -

MSbr = 1200 I (Z * 52.1) - 1 = 10.5 :-
br.,

Margin of safety summary for filter mounting flange..-

LOAD MS BEND MS TENS TEAR MS MS ''

CASE TENS YIELD TENS YIELD SHEAR BEARING

1 7. 6 10. 5 181 24Z 61 10 4.-

216 7 22 6 124I 166 41 7 0 ..

3 17 2 23 2 711 948 240 44 4

4 26 6 35 7 626 835 "211 3?9 '"3
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5 S Diaqonal braces

, re bodi :aqram for the 1ia..ona. brace,. i

z.x

2-

F"6
5- YF,( -"a4,

Fxx

,ie ]pp r p n j A 13 s impl p1 nr - p i . n s a 3 hi .2-Z1 -

sum Ve z: r:l, to produce an axial force ,n the brace Due to he
X-axis acceleration,

F = F / n -6 = 4', 39 = 523 lba1a I ~:t Z;M

Z-axis acceleration also produces loading in the brace,

F -F I W ZG /2
zz zb brace

= 0.Z8 * Z.7 / 2 = .38 lb

Tihe corresponding axial force is

Fa= F ! sin(63 0) = 0.42 lb
a xiaIz zz

Y-axis acceleration does not produce any axial loading in the brace.

F =F + F 52? lb.
axial axialx axialz 5

The 10-32, type A286, bolt at the upper end, A, has shear loading r
only.

P = 91 E+03 * A = 91 E+03 * 0.02 120 psi

Thus the margin of safety is

MS = P / (2 * F a ) - 1s u s axzi alI..

B20 / (Z * 529) - 1 = 0 72

The tenlson loading on bolt A comes from Y-axis accelerations on the
weight of the brace.

F = (Wbrace /2) YG =(0 28/2) * 4 =0 56 lb

For all load cases this tensile loadinq 15 5o small that the total
tension loading is essentially that ot due 'D the bolt preload

The expected tightening torque is 30 t3 34 n-ib Thus for minimum
friction (u =0 0784) and maximum turi'e U .1 the 'nut fa:tors" trom

* * . * * * *~ * . . .~ . * * * . . . . .. .,,*.
." '*...............................
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reference Z 6)

F a= 44 4 34 1510 lb
ma ixPRE

For an averaqe friction value of u = 0 1.

F - 36.5 * 34 = 1241 lb
avgPRE

5%

and for the maximum friction value and minimum torque,

FminPRE = 28.8 * 30 = 864 lb.

Thi5 minimum prei:ad wi1I be reduced an addit in c - he
slipping analysis which will follow

The external interface load is so small that a joint diagram is not
needed. For the maximum preload a

Ms t  = 140 E+03 * 0.0Z / (Z t 0 + 1510) - 1 = 0 S5

and for the average preload

MS t  = 140 E+03 * 0.02 / (Z * 0 + 1.4 * 1Z41) - 1 = 0.61

The shear loading a bolt A is large enough that "slipping" at this
joint will occur. But from the above analysis the bolt itseif can
absorb the load.

Since these mounting bolts sustain both tension and shear, the effect -

of both stress are combined through calculation of the corresponding

"factor of limit load capablilities" which are then combined

FLC = MS + 1 = 0.85 + I = 1.85t t ".

and FLC = MS + I = 1.72 + I = 1.72.
5 5

Then FLC 1 1 16
comb 2 2 1/2I (1I/1.85) + (1/1 72) J p

The flange geometery for tension failure at bolt connection A

)2

The ultimate strength for tension tear out is
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L = u

where A = (0 2S- D12) * t + (0 312 -D/2) X t* t

= (0.5 + 0 312- 0 25) * 0 5= 0 16 in 2

P = 42 E+03 * 0 16 6552 lb

The maximum axial load was 529 lb.

Thus MS= 6552 / (2 * 529) - 1 * 5 2

Checking for yield by using as safety factor of I ZS,

ME = 35 E+03 * 0.16 / (1.25 * 529) - 1 = 7 3Vt ear"

The geometry for shear tear out is essentially the same as for tension
failure.

A s  = A t  = 0 16 in2

Then MS a= Z? E+03 * 0.16 l (2 $ 529) - 1 3.0.shear ..

Checkino for the bearing strength:

.2-

cc/ ~.- /j95 -

Foe D; s. - --- = . / O.

3H& /C OIL r

- 0.0 Zc 5 25 = 1 0

A 6

br*= t C .5 = 0 5 '"
*Ther . = 1: ' c- A /...

tru tru -t ru

= 0 8 * 42 E+03 * 0 125 = 4200

r'- 4ZOO . <2 * - I = 3 0b r u
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Margin of safety summary, bolt A of diaqonal brace
t.

LOAD BOLT A TENS BOLT A MS TEAR OUT SHEAR BEARING
CASE MAX AVG PRE SHEAR COMB TENS YIELD OUT

1 0 85 0 61 0 7 0 26 5 7 3 3 0 3 L)

2 0.85 0.61 9.6 0.83 37.1 49 9 23.5 23.4

30 85 0 61 8.7 0.82 34 1 45,8 21 5 21 5

40 85 0 61 5,3 0.78 21 8 Z9 5 13 7 13 6

The main body of the diagonal brace must withstand tension, bending,
and compression buckling

A t  = (0 375 1 0 5) = 0.188 in2

Then a = Faxa / A t  = 52.9 / 0.188 = 2819 psi

The reaction at bolt A is applied to one side of the brace, so a
bending moment is produced in the brace.

• ,I.

'A' r

M = F * 0.Z5 inch = 5Z9 * 0.Z5 = 132 in-lb
0 axial

Then Cbind 6 M /(0.375 * (0,5 ) 2

= 6 * 13Z/(0.375 * (0.5) ) = 8456 psi

The total tensile stress is then

Tens T 'end = 2818 + 8456 11Z74 psi

Then MS = 42 E+03 /(Z * 11274) - 1 = 0.86ut

Checking for yield

MS = 35 E+03 /(1.25 I1Z74) - 1 1.5Vt

When the brace undergoes compression buckling may 2 ccur For the
diagonal brace the cross section area is 0 1875 in and the radius
of gyration is 0 108 inch For the compression load the bolt A end is
s3implv pinned. The end at bolt B which attaches to the baseplate will
also be assumed to be simplV pinned as a conservative case Then from
Euler's formula for column buckling, the critcal buckling load is

I.-
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P LPI) * E 4 A * (r/L) :%

C

= (3 14) z * E+07 * 0 18?5 (0 108.1: 3'

= 1220 lb
P,%=

The margin of safety for buckling is then

MSbuck = 1220 / (Z * F axial

= 1220 / (2 * 529) - 1 = 0 15

klf the end at the baseplate were considered tu 'lly :>rpi :e nar i-

of safetv would be 1 35)

Margin of safety summary for diagonal brace body

LOAD MS TENSION MS TEISION MS
CASE ULTIMATE YIELD BUCKLING

1 0.86 1. 48 0. 15

2 10. 5 14. 3 6. 1

3 9.5 13.1 5.5

4 5.9 8.2 3.3
I

At bolt connection B of the brace to the baseplate, both tension and
shear is carried by the bolt. From the previous free body diagram,

the tension in bolt B is

F =F + F
zmax zx zz

= 470.5 +0.38 = 470.9 lb

Part of this interface load is taken by the mounting flange of the
brace. The joint geometry fits case 2 of reference 2.5

A. = PI * (Dw2 - Dh2) / 4
+ Pl I (D) 1D - l)*(D L /5 L ,'100) /3

w W
2 2

= 3.14 * (0.375 - 0. 19 ) / 4
+ 3.14*(0.375/0 375 - .1)*(0.375 * 1 3 /5 + 1 3:.,100) / 8

2
0 . 103 in

The fraction of the external interface load taken by the mounting
flange is

A *tE

FRAC A8A B E B + A $E

B%

) J
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0.018 - Z.91 E+07 + 0 103 * I E+07

The tie down bolts are made "captive" by reducing the shank diameter

to that of the thread root Thus the effective 5tress area w 11 be
slightly smaller than the typical handbook value for a 10-3Z 5crew

Acap PI / 4 3.14 kl .15Z)V /4 0 018 in

cap

Thus P 91 E+03 * 0.018 = 1651 lb
Us

an d P = 140 E+0 0 018 = " . '
U t

The expected tightening torque iz 30 to 34 in-lb Thus tor minimum
frict-ion (u -0.0784) and maximum torque kusing the "nut factors" from
reference 2.6)

F = 44.4 * 34 = 1510 lbmaxPRE

For an average friction value of u = 0.1,

F - 36.5 * 34 = 1241 lb
avgPRE

and for the maximum friction value and minimum torque,

F n Z8.8 * 30 = 864 lb.
minPRE

This minimum preload will be reduced an additional 20 % for the
gapping analysis which will follow.

The margin of safety can then be calculated using a safety factor of
two on the external interface load.

MS t  = (Z540)/(2 * (1-0.7) * 471 + 1510) - I = 0.42

Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension

MS = (2540)/(4 * (1-0.7) * 471 - 1.4 * 1241) - I = 0 Z6t

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 2C 14 relaxation from the
initial preload, a preload of 0.8 * 864 = ?1 lb. If the mounting

flange fraction of the external load were to exceed this minimum

preload, gapping would occur.

MS 691 / (Z * 0.7 * 471) - I = 0 05

gap

The shear loading comes from the X-axis and Y-axi5 iccelerations

From the previous free body diagram,

F = 5 * F 2 / F xb2Fsx xb

9'
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= 5 *91.8 / + + 10 4 / Z = Z35 lb

F = YG / Z bolts

sV brace

= 0 Z8 * 4 0 1 Z = 0 56 lb

and F = ((F 2 + (Fs V ) 1 / 2  235 lb

This large shear force will produce 5lipping between the brace and the
bottom plate. However bolt B can absorb the shear load

MS (91E+03 A 0 013) / - I =
5

Since these mounting bolts sustain both !ensicn .an shear, the effect

of both stress are combined through calculation oi the corresponding
"factor of limit load capablilities" which are then combined.

FLC t  = MS t  + 1 = 0.42 + 1 = 1.4:

and FLC = MS +I=2.5+1 35.
5 5

Then FLC c = 2 I I. 31
comb /. 42) + (1/3.5 1/

Margin of safety summary, diagonal brace mounting bolt B

LOAD BOLT B OF BRACE MS BOLT MS
CASE 2.0 SF 2.0 & 1.4 GAP SHEAR COMB

1 0.4Z 0.26 0.05 3.4 0 21

2 0.63 0. 42 5. 45 20. 5 0 3

3 0. 63 0.42 4.93 20. 6 0.62

4 0. 60 0. 40 2.86 11. 9 0 59

The flange geometry for tension tearout at bolt B of the brace is

0,5

The ultimate strength for tension tear . iut is

P A
pU u..u

where A =2 *,0 0 5 -0 19,) 0 - 0 2S

t 2i.S

.............................................
~-'. - *. .. * .'. . . .. . . . . . . . . . . . . .
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= 0 75 In =

P = 42 E+03 0 75 = 3 1 E+04 lb
u

The maximum shear load was 235 lb (While this resultant shear doe5
not all act to produce the tension tear out, using the total shear
load is the conservative approach.)

Thus MS ear 3.1 E+04 / (2 * 235) - I = 66utea

Checking for yield by using as safety factor of 1 2S,

MS = 35 E+03 * 0 75 I (1 5 * 235, - 1 8'¢t ear

The geometry for shear tear out is

A 2* (0.3 * 1.3) = 0.78 in2
5

Then MSa -7 E+03 * 0 78 / ( Z "5 - 1 44shear ,

Checking for the bearing strength.

0.,4

elD - 0 3 0. 19 - 1 6

DI t = 0 19 0 8 = 0 Z4

Yield a k I . 5
bru

A b  a D $ t , 0 19 * 0 8 0 15 in .

b r -
Te bru kbru " bru".

" - --.- --- U .- ..- , " '" : "' " -'r - " .-.
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0%

1 1 S 4Z E+03 9 0 15 = '576 0

MS 9576 / (Z 9 235) - 1 19 I}

bru

Margin Of safety summary, brace mount:ing flange at bolt B

LOAD M2 TENS TEAR MS MS
CASE TENS YIELD SHEAR BEARING

1 66 SS 44 19

2 409 546 275 124

3 412 549 276 1_5

4 Z47 329 165 75

5.7 Top filter straps

The top filter straps tie the top corners of the filter modules
together The geometry is a U-channel with a solid area where the

diagonal braces attach.

0.5

The cross section at A-A' has bhear loading produced by F

tension loading produced by (F IZ + F /Z), bending stress
produced by F and bending stress by he lateral component of

f-yl A CC f, i1Ar~axx
+ ZA,

-,7

F F

The shear produced stress is

uF /A
_75 zx chan
u471 /(0 75 0,ZS Z (0 12*OS 0.5))

...

. ,

r x " K ,, , I i -: :! " ll" I " " i " " - " ... '
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= 471 / (0 219) - 2151 psi

(This ignores the weight of the channel itself

Shear is also produce by the torque on the channel bv F P
T F 0 375 = 471 * 0 375 = 177 in-lb

From section 5.9, the worst case loading from the cross strap to the

IF module is

F = l1 lb * YG I ( 4 ) 11 lb

which also produces a torque

T = F A 1.31ZS inch 14,4 ,n-lb
V YV

for a total torque of 191 in-lb. One half of this torque is resisted
by the channel on each side of the attachment. The torque produced
stress is appoximated by considering the channel cross section area to
be distributed at an effective radius of 0 375 inch.

= (191 / Z) I (A * 0.375)
s chan

= (191 / Z) I (0.219 * 0.375) = 1163 psi

The tension produced stress is

00 = (F lZ + F /Z) / A
t x xb chan

= (91.8 / Z + 10.4 / Z) / (O.Z19) = Z33 psi

The bending stress produced by the moment from F depends upon
the moment of inertia of the U-channel around th6X z centroid.

- (F * 0.3125) * z / Izx c

= 471 * 0.3125 * 0.384 / 7.96E-03 7093 psi

The bending stress produced by the moment from F axi depends upon
the moment of inertia of the U-channel around the 7 centroid

The moment produced by the lateral force from the diagonal brace is

resisted by the channel on either side of the attachment point.

M = (F * Cos(63) S (0.65-0.31Z5)) / Z sides
ov axial

a (529 0-45 * 0.3375) Z 2 * 40 Z in-lb

Thus - M S v / .

v b O V c V
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- 40.2 * 0 375 / I 676E-02 = 906 PSI '

Adding the three components ot ten5ile 5tress and then combining with
the shear stress

2 1/
,--'ot = ((Z33 + 7093 + 903) + 3 (2151+1163)%

= 1.OE+04 psi1

The ultimate margin of safety is then

ME 4 4Z E 3 /2 I )E-).4 - I 5tu p

Checking for vield with a safety factor if 1 25

MS = 35 E+03 1( .ZS * 10.E+04) - 1 1 8ty

Margln f. 3afetv 5ummary, U-channel bend:.nq at iacna1 bra:e

LOAD SECTION A-A'
CASE TENS YIELD

1 1 1 18. -j
IW

2 7 7 10 7

3 1113 15.3

4 6.7 9.3

The captive screws that attach the U-channe! to the top of each filter
are full diameter, type A236, 8-32 screws.

Thus P 91 E+03 * 0.014 = IZ74 lb
Us

and Put 140 E+03 * 0.014 = 1960 lb

The expected tightening torque is Z4 to Z6 in-lb. Thus for minimum
friction (u =0 .0784) and maximum torque (using the "nut factors" from
reference 2.6)

F 47.6 * 26 = IZ38 lbma PRE"-
For an average friction value of u = .1,

F a 39.5 * 26 =  1027 lbavgPRE

and for the maximum friction value and minimum torque,

F = 31 4 * Z4 = 754 lbminPRE

This minimum preload will be reduced an additional Z0 % for the
gapping analysis which will follow

To determine the division of the external interta e load be -ween the

'
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top brace and the bolt, the effective joint area oi the brace is first

calculated

The joint geometry fits case Z of reference Z 5

A =P * (0 0 -D0h ) / 4

+ PI a YD r) (D L /5 L 2/100) / 8j w w j I

a 3.14 * (0.375 - 0.164 ) / 4
+ 3 14*(0 75/0 375 - 1)*(0 375 % 0 125 !S + 0 1:5''100) /

= 0 096 in

The fraction of the external ,ntertace load taken tv the top braca is

A
EFRAC A J

B B J I
= =0.7

0.014 Z 2.91 E*07 + 0.096 E007

The maximum filter attachment screw load was determined from the free

body diagrams of section 5.6,

F max a 500 lb

The margin of safety can then be calculated using a safety factor of

two on the external interface load.

MS t  . (1960)/(Z * (1-0.7) * 500 + 1238) - 1 - 0.28

Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension.

MS t  = (1960)I(Z * (1-0.7) S 500 + 1.4 * 10Z7) - 1 - 0.13

Gapping of the joint under minimum mounting torque and maximum torque

friction must be considered. After the ZO % relaxation from the %

intial preload, the preload is 0.8 * 754 = 603 lb If the mounting

flange fraction of the external load were to exceed this minimum

preload, gapping would occur.

ME = 603 / (Z X 0.7 % 500) - 1 -0.14gap

This negative margin of safety occurs only for load case #1. The free
body diagram of section 5.4 assumed for simplicit7 that each filter
was simply pinned at its attachment to the baseplate and that the

resisting diagonal brace was perfectly rigid. The actual case is a

statically indeterminate case, in that the filter flanges are clamped

to the baseplate (no rotation) and the diagonal brace will have some

strain displacement. Thus the actual loading at the top strap will be

much less and a positive margin of safety should result

From the free body diagrams of section 5 6 the ma/.:-mum shear load

r% e e e
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Produced by x-axis accelerations is

r = r , - ,'
X x

9 91 B Z + 10 4 /Z = 51 1 lb

The shear produced by y-axis accelerations is
4',

F = W YG 2 ends
5 V brace

0 2 B 4 2 2 = 0 56 lb

and F : ((F F 1 5 1 15xv s:55 + F ; 1 1m

1b y

To avoid slipping between the top strap and the top ,f the !- ter th e
ma::imum Poss ble 3hear force is calculated uing a tr:zt i;n :au .
0 15 between the members and the relaxed minimum bolt preload

F i = 0.15 * 603 lb = 90 .5 lb

Thus MS l = 90.5 / (Z * 51.1) - 1 = -0.11 Islip .

The margin of safety for load case #1 is negative; however, the
mount ing bolts can absorb the shear load.

MS = (91E+03 * 0.014) / (2 * 51.1) - 1 = 11.5.
5

Since these mounting bolts sustain both tension and shear the effect .
of both stress are combined through calculation of the corresponding
"factor of limit load capablilities" which are then combined

FLC t  MS t  + 1 = 0.28 + 1 - 1.28

and FLC MS + 1 = 11.5 + 1 = 12.5

Then FLC = : 1.27
comb 2 2 1/2

Margin of safety summarY, top strap to filter top bolts

LOAD TOP STRAP<--)FILT MS MS BOLT ME
CASE 2 0 SF 2 0 & 1 4 GAP SLIP SHEAR COME

1 0 28 0 13 -0. 14 -0 11 11. 5 0 27

2 0 4Z 0 24 0 76 3 9 68 0 42

3 0 42 0 24 0 81 4 5 76 0 4z

4 0 17 0 28 1 74 23 45 0 "7

% W

44

.v4

" 4-'., --""'4""-. '- "-"4 """$ "--""'"> '"" ,-' " "- . - - ."- "-"" ~ 4
.4-4 - * . . . "' 44_.-".4".", .r % . v """.;, .'. ''''
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The -geometr,; fo. ,nsion tear i.ut is

' U t

The~I uirn- TD er~;

=Z * E£0.65 0 .3 7 5 1 *I 0.1Z5= 0.116 in

P 42 E+3A0 .116 = 4856 lb
U.

The maximum Shear load was 51.1 lb. (Not all of this resultant shear
load acts to produce the tens ion fa ilIure, but using the to tal is1 t he
conservative approach.)

Thus MS5 ea 4856 / (Z * 51.1) -1 = 47.

Checking for yield by using as safety factor of 1,25,

MS =35 E+03 .116 (1,25 51.1)-1 62
y t ea r

The geometry for shear tear out is

A =2 $ (0125 0.6) =0 in'

Then MS Z7 E+03 * 0 15 I (2 *51 1) -1 39
sh ea r

Checking for the bearing strength

-7--



D/ t 0 3 5 I0 15 Z 5

yilelId a k I 1 5
bru

A =r D t = 0 3 7 5 0 15 0 0565 ;ni

Then P bru =k bru I (7t A bru

= 1 5 t 4Z E+103 t 0 050- ?54 4

ME br = 3544 : (Z # 51 1) - 1 = 34

Margin of Safety summarY, top 3t-rap attachment to filters

LJAD TE:IS T1EAR H E.,R BEAR 1NG
C A37E U LT Y7ELI) -3UT

1 47? 62 39 34

z 263 351 219 1 92

3 272 390 243 2413

4 175 234 146 128

5 8 IF module

The IF module is a double-width module wiJ1h twelVe 10-3?

a ttachment bolts. It5 weight is 11 lb. The CG is 6.625 inches above *

the center of the attachment screws. Bracing from the top of the IF
module is provided over to the top of the filter mo d uIes5. This
results in a statically indeterminate case which is difficult for hand
analysis. The following analysis Will show that the IF module
attachment to the baseplate by the mounting feet alone is sufficient
The actual loading on the mounting feet will be less than the v al1ue s
which result from this conservative analysiz ipproach

The tenli e 3treS3 ion each bol t due tD Z-i~i icze ler-it ns= 1.3

F = 'J ZO / I1Z boltI

F = 11 l b 9 Z 7 1 12 be I t Z l b

% %

A, e, _ -N- 21
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The X-axis acceleration produces a moment, M

M : 6 6Z5 inch * 11 lb A XG 2701 in-lb
Sox

This is countered by

4,,

-

,,, <,._1.. , , .i ',
p._

,%, , ' x

F : MO . .. Sb

For accelerations along the Y-axis, the moment produced is

M = 6.6Z6 inch * 11 lb * YG = 291.5 in-lb

oy

This :Z -cuntered by

'.

4,F2 r.

F M /(Z*(4+2 0.5)) Z9.Z lb
z v oy

The bolt at position A suffers the maximum loading for all load cases
except load case #1.

FAmax F 4 5/6.31 + Fay + FAma Fzxz

=549* /6 31 29 2 2 =70 8 lb

LOAD CASE F F
Ama :t Bma K

1 70.8 lb 71 9
2 208 2 116 i

3 81 8 69 7
4 33 5 29 0

As expected by the qeometr7, load case #Z is the worst case

These tie down bolts are made "captive" by reducing the shank liameter
to that of the thread root. Thus the effec'lve stress area 4:'1 be
slightly smaller than the typical handbook value for a 10-312 screw

. .- ~ .--. 4 4.-'

"- - ......4' .'4 ' .,'' ." -- ,"." . -' ' ' " " *-? -"-"-"-"- ."," """'"'"'""-- ''- ," , ,e ",,<,. - .;f -
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2 -

A : PI 9 dia I 4 3 14 9 10 152) 14 = 0 018 in,
cap

Thus P = 91 E+03 $ 0 018 1651 lb
Us

and P = 140 E+03 * 0 018 2540 lb
ut "

Th expected tightening torque is 30 to 34 in-lb Thus for minimum
friction (u =0.0784) and ma:ximum torque using the "nut factor5" from
reference 2.6)

-5

ma:FP = 44 4 4 = I 10 ib

For an average friction value of u =

F , = 36 5 * 4 = 141 lb

and for the maximum friction value and minimum torque,

F n = 28.8 * 30 = 864 lb .%
mi nPRE

This minimum preload will be reduced an additional 20 % for the
gapping analysis which will follow

-,

To determine the division of the external interface load between the
mounting flange and the bolt, the effective joint area of the flange
must be calculated.

For the mounting feet along the side D' the IF module,

Y31,

The joint geometry fits case Z ot reference 2. 5

A) = PI * (D 2 -D h2 )  / D4,
+ PI * YD hw I $ (D * L /5 + L /100) / 8

314 * (0.375'- 025) 4

+ 3 14*(0 437/0 375- 1)*(0 375 * 0 6Z5 /5+ 0 6Z ,'100) 8..

, 0 083 in

The mounting flange at the end ot the modu>e has two mount:ng bol ,
but is more than twice the width The e f e c ive f linqe area .
essentially the same

• -.
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,a

The fraction of the external interface load taken by the mounting
flange is

FRA C = A * +,
A *E + A. E
B B

0 083 : 1 F+11= Q, 0 2 € E+,.]= 0 61 "

0.018 * 2.91 E+07 + 0.083 * 1 E+07

The margin of safety can then be calculatem us:ng 3a.et.-, :,-r it,

two on the external interface load.

MS t = (2540)/(2 * (1-0.61) * 71 + 1510' - 1 = .6"

Using an average value for the coefficent of friction, anlda safe 7
factor of 1.4 on the resulting pretenslcn.

Ms t  = (ZS40)/(Z * (1-0.61) * 71.9 + 1.4 *IZ41) - 1 = 0.4Z"

Gapping of the joint under minimum mounting torque and maximum torque -

friction must be considered. After the 20 % relaxation from the
intial preload, a preload of 0.8 * 864 = 691 lb. If the mounting -,
flange fraction of the external load were to exceed this minimum

preload, gapping would occur.

MS = 691 / (Z * 0.66 * 71.9) - 1 = 6.9. del

gap |

The shear loading comes from the X-axis and Y-axis loading. -

F W * XG / 1Z bolts
5K IF

= 11 * 37.1 / 12 = 34 .0 lb

F F * YG / 12 bolts.s v "'-a

= 11 * 4 .0 / 12 = 3. 7 lb

2 2 1/2 "
and F ((F z + (F 2 ) = 34 2 It5x, x 5K y

The center of gravity is directly over the :enter of the screws. so

that no eccentric loading occurs.

To avoid slipping between the IF module and the FEB baseplate, the
maximum possible shear force is calculated using a friction value of
0.15 between the members and the relaxed minimum bolt preload.

F 0.15 X 691 lb - 104 lb
f r i c

Thus MS 5 104 / (2 * 34 2) - 1 = , 5

If the holding friction was not sufficient. the mounting bolts c-
absorb the shear load

a,0.

W a ?%, q .. . .a . . . .** . . -.. . *a ,€ ..- . . as , ,. a." ." "€- a , .. . .-,€. -,... a."4"- W
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MS = (91E+03 * 0.018) / (2 * 34 Z) - 1 = 23

Since these mounting bolt5 sustain both tension and shear, the effect -
of both stress ire .ombined through calculation - the ;:rr--pond:n;
"factor of limit load capablilities" which are then :ombined.

FLC MS + I = 0 62 + 1 = 1 6.
t

and FLC = MS + 1 = Z3 + I = Z4
5 s

Then FLC i 1Cm 1 1/ 6 Z) + 1 7"-4 7 " '

Margin of satetv summary, IF module mountin; bolts

LOAD IF MODULE MOUNTING MS MS BOLT MS

CASE 2 0 SF 2 0 & 1.4 GAP SLIP SHEAR COMB

1 0.62 0 42 6.9 0.5 Z3 0.6Z

2 0.51 0.33 1.6 0.9 29 0.51

3 0.61 0.41 5.9 6.8 123] 0 61

4 0.65 0.44 15.9 4.5 86 0.65

The mounting flange must withstand the bending produced by the Y-ax1s
loading.

M O.Z5 inch * F = 0 Z 71 9 18 in-lb

o zmax

then the stress

=6 *M /b tZ6'--e n d o
2

6 * 18 / ( 0 973 * (0 625 2

284 psi

Shear stress is also present,

h ear Fzmax IA shear

= 71 9 / (0 973 0 6 5) = 118 PS1
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a

The combined stress is then

2 /
1 =max (;' ~ n d + c ha

2 lIZ
= ((284)" + 3 * (1a) ) /  350 psi

The margin of safety is then

MS bd 4Z E+03 I (Z 4 350 - I 59

Checking for Yield,

MS 35 E+03 I .Z5 JS3) - 1 : 79
ybend

rhe flange geometer,! for tension faililr=-

The ultimate strength for tension tear out is

P--=o .4A ."

u tu At "1

where A t  (b - D) * t

= (0.973 - 0.25) 0.625 : 0.45 in

P = 42 E+03 4 0.45 = 1.9 E+04 lb
u

The maximum shear load was 27.1 lb. (Not all of this resultant 3hear
load acts to produce the tension failure, but using the total is the -.

conservative approach.)

Thus MS 1.9 E+04 / (Z * 34.2) - 1 = 277
ut ear

Checking for yield by using as safety factor of 1.Z5,

MS = 35 E+03 * 0.45 , (1.25 t 34 2) - I : 369
t ear tThe geometry for shear tear out is

:;'
o .'I

/ o, p 'I
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A Z * (0.19 * 0.6Z5) = 0.24 in2  -S b
Then MS e 27 E+03 * 0 24 ( 2 * 34 Z) - i = 93 N

shea r

Checking for the bearing strength

/

"C::0,.

e/D = 0.19 / 0.19 = 1.0

D/t = 0.19 / 0 625 0 30

yield a kbr u = 08

A D $ t = 0.19 * 0.188 = 0 036 in
br

Then P k 0 A
bru bru " bru

= 0.8 * 42 E+03 * 0.036 = 1200

MSbu 1200 Z (2 * 34.2) - 1 = 16.7.bru

Margin of safety summary for IF module mounting flange:

LOAD MS BEND MS TENS TEAR MS MS

CASE TENS YIELD TENS YIELD SHEAR BEARING

1 59 79 277 369 93 16 7

Z 19 25 352 469 118 21 5

3 5z 69 1435 1913 484 90 C

4 128 171 1006 1341 339 63 2 S

7I

S2-
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5 Q Top braces to IF module

The two top braces which bridge from the top strap ot the iilter

modules to the top of the IF module provlde redaundanc' to the

attachment ot the IF module to the basepiate The twelve teet of the

IF module are sufficient to hold it in place The actual loading of

these top braces is a statically indeterminate Case As a worse case

calculation o the loading in the brace, the IF module is assumed
simply pinned at its base Load case NZ is the worst case due to the
physical lav-u" )t the IF module

Thus F (WJ * YG I Z sides) Z 2

= ( II lb * Z8.7 / 2) /Z = 78 9 lb (LC Z) 

The cross section of this brace is the same as the cross section of :%
the filter top braces.

0.5

U).

The cross section at A-A' has tension :oad:ng produced by "  and
bending stress produced by the short arm of the brace.

,4

The tension produced stress is
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SFyy ! / A zan

= 78 9 / k0 "19) - 361 p51

The bending stress produced by the moment trom F, depends upon
the moment of inertia of the U-channel around the centrid

z Z

- (F (1.0 + 0 Z41) I f

The total tensile 5tress is then

4:;7 = 361 + 4720 = 5091

The ultimate mar41n of saetY is then

MStu = 42 E+03 1(2 * 5091) - I 3.1.
tu,

Checking for yield with a safety factor of 1.25

Mst = 35 E+03 I(I ZS * 5091) - 1 = 4.5

Margin of safety summary for top brace to IF module body

LOAD TENSION
CASE ULT Y'ELD

1 28 6 38. 5

2 3 .1 4 .5

3 28 6 38. 5

4 48 .4 64 .8

The captive screws that attach the U-channel to the top of the IF
module are full diameter, type AZ86, 8-3Z screws.

Thus P = 91 E+03 * 0.014 - 1274 lb
us

and P = 140 E+03 I 0.014 = 1960 lb

The expected tightenrng torque is 24 to 26 in-lb Thus for minimum
friction (u -0.0784) and maximum torque (using the "nut factors" from
reference Z.6)

FPRE = 47.6 * Z6 - 1238 lb

For an average friction value of u = 1,

F vpRE 39 5 * 26 1027 lb

avgPE
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and for the maximum friction value and minimum torque,

F 31.4 * Z4 = 754 lb
mi nPRE

This minimum preload- will be reduced an additional Z0 ',. for the

gapping analysis which will follow

To determine the division of the external interface load between the

top brace and the bolt, the effective joint area of the brace :s first

calculated.

The joint geometry fits case 7 of referTnce Z 5

A. =PI * (D - 0 4
+ P1 (D /D . (D L /5 + L 100) :

- 3.14 E (0.375" - 0.164 ' ) ( 4 -
+ 3.14* 0.75/0.375 - .1 *(0.375 *t 0.125 /5 + 0. 15 100) 1 &

z
= 0 096 in

The fract'ion of the external interface load taken by the top brace is :
A1 *E

FAC A *EB A jE

0 096 * I V+07

0.014 Z 2.91 E+07 + 0.096 * I E+07 . Y 7

Very little Z-axis loading on these screws is expected. The only

loading is due to the weight of the brace.

F * ZG / 2. ends
zz brace

r 0.14 lb * 2.7 / Z u 0.19 lb

The margin of safety can then be calculated dsing a safety factor of

two on the external interface load.

MS t - (1960)/(Z * (1-0.7) * 0 Z + 1238) - 1 = 0.58

Using an average value for the coefficent of friction, and a safety

factor of 1.4 on the resulting pretension.

MS t (1960.)( Z X (1-0..7) * 0.2 + 1.4 * 10Z7) - a * 0.36

Gapping of the joint under minimum mounting torque and maximum torque

friction must be considered. After the 20 % relaxation from the

intial preload, the preload is 0.8 * 754 - 603 lb. If the mounting

flange fraction of the external load were to exceed this minimum

preload, gapping would occur

* 0- -,1 *. N
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MS = 603 / (2 $ 0 7 A 0 2) - I Z200

The maximum shear load produced by x-axis accelerations is

F Wbr XG J 2 ends
FSx bace

= 0 14 lb * 6 /Z - 0 4Z lb

The shear produced by Y-axis accelerations is

F5V = 14brace * YG / Z ends

= 0 14 23 7 / 2 = 79 lb

2 2 1/2
and F = (kF (F ) = 79 lb

S.XV Sx 5

To avoid slipping between the top strap and the top of the IF module.
the maximum possible shear force is calculated using a friction value
of 0.15 between the members and the relaxed minimum bolt pr.!load.

F 0.15 * 603 lb = 90 5 lb
fric

Thus MSslip 90.5 I (Z * 79) - I = -0.43

The margin of safety for load case *Z is negative; however, the
mounting bolts can absorb the shear load.

MS (91E+03 * 0.014) / (Z * 79) - I a 7.1.
Since these mounting bolts sustain both tension and shear, the effect
of both stress are combined through calculation of the corresponding

"factor of limit load capablilities" which are then combined.

FLC t  a MS t  1 0.58 + I I.58

and FLC5 aMS + 1.= 7.1 i= 8.1.
S s _ _ _ _ _ _ I.

Then FLCcomb z  z 1/5

Margin of safety summary, top strap to IF module top bolts:

LOAD TOP STRAP<--)IF MS MS BOLT MS

CASE 2. 0 SF 2.0 & 1.4 GAP SLIP SHEAR COMB

1 0 58 0 36 2267 3 .0 55 0. 58

z 0.58 0. 36 ZZ6-7 -0. 43 7 0. 55

3 0.58 0.36 1z0 3. I 57 0.58

4 0 58 0 36 1038 5 .8 95 0 .58

I
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The geometry for tension tear out 1s

,°!
The ultimate strength tor ,lenaion tear Dut is|

-!

p q7 & t At -where A t  = 2 (( .Z5)) + (0.6) ) -D ] t

= Z * r0 65 - 0.375,1Z I I 0 11,5 = 0 116 in '

P = 42 E+03 * 0.116 = 4856 lb

The maximum shear load was 79 lb.

Thus Ms -- 4856 / (Z * 79) - I = 30 .

Checking for yield by using as safety factor of 1. ZS, k

MS = 35 E+03 * 0.116 ( .Z5 79) 1 40v t ear..

The geometry or hear tear out is

Thus MS he56 =27E03 01 / 7 7 Z

Checking for yiel bysing s saetyhato:f .

MS 3 E+03 * 0.16 / ( * 7 9) - 1 = 40

yhear""""

Thekigeoer for h earn treouth is

'.S

Dt = 0.375 0 06 0.15 "-5

yield a k bru  1 5

5z

A D t , 0.1375 / ( 7) 1 = 0 0563 in
br

o'n

eID .6 /0.37 1.

•.

,. ., ,'' :,' &r, cD /t 0,.375- - , , / '.-- - - - - - 0----- - -. ,-- .. .1 ' " ...15- =" . .5..... ..
.5-
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Then P bru k bru F A bru

= 1.5 * 42 E+03 * 0 05n3 3544

MSb : 3544 / (2 * 79) - 1 = Zl
bru

Marqin of satety summary, top strap attachment from filters to IF
module

LOAD TENS TEAR SHEAR BEARING
CASE TILT YIELD OUT

1 Z14 Z85 178 156

2 30 40 25 21

3 220 293 183 160

4 365 487 304 Z66
U,

A 10-32, type A286, stainless screw attache5 the other end of this
brace to the top of the filter cross straps. These tie down bolts are
made "captive" by reducing the shank diameter to that of the thread
root. Thus the effective stress area will be slightly smaller than
the typical handbook value for a 10-3Z screw

Aca p  = P1 * dia 2  1 4 = 3.14 * (0.152) /4 = 0.018 in2

Thus P = 91 E+03 * 0.018 1651 lb

and P = 140 E+03 $ 0.018 = 2540 lb
ut

The expected tightening torque is 30 to 34 in-lb. Thus for minimum
friction (u =0.0784) and maximum torque (using the "nut factors" from
reference 2.6)

F maxPRE= 44.4 * 34 = 1510 lb

For an average friction value of u = 1,

F p = 36.5 * 34 = 1241 lb
avgPRE

and for the maximum friction value and minimum torque,

FminPRE = 28.8 * 30 = 864 lb

This minimum preload will be reduced an additional 20 % for the
gapping analysis which will follow

To determine the division of the external interface load between the
mounting flange and the bolt, the effective joint area of the flange
must be calculated

For the mounting feet along the side of the IF module,

I-A
' ' " "¢"z'¢ "€f " "-" ..-. - " .,- .p ft ft"-.'-.-. ..-. " ." . "-" .% .

-. .. ,- .". . .'., --. 'f..-., . V ''' / .. -'.* -
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The joint geometry fits case 2 of reference 2.5

A. - PI * (D z - D h Z) / 4
+ PI YD /D - .1) * (D * L /5 + L Z/ 1 0 0 ) / 8

J w w j 3

= 3.14 * (0.375 - 0.ZS 2) / 4
+ 3.14*(0 62510.375 - .1)*(0.375 * 0,625 /5 + 0 625 /100) I 8

= 0 093 in

The fraction of the external interface load taken by the mounting
flange is

A * E.
FRAC = A A

AB * EB + A I

0 093 * I E+07 0 .64
0.018 * Z.91 E+07 + 0.093 * I E+07

The margin of safety can then be calculated using a safety factor of
two on the external interface load.

MS = (2540)/(Z * (1-0.64) * 0.Z + 1510) - 1 = 0.68t

Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension.

MS = (2540)/(Z * (1-0.64) S 0.2 + 1.4 *1241) - I = 0.46t

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation from the
intial preload, a preload of 0.8 * 864 - 691 lb. If the mounting
flange fraction of the external load were to exceed this minimum
preload, gapping would occur.

MS = 691 I (Z * 0.66 * 0.2) - I = Z800.gap

The maximum shear load produced by x-axis accelerations is

F 5X *brace XG / 2 ends

= 0.14 lb * 6 /Z - 0.42 lb

The shear produced by y-axis accelerations is

F br * YG / 2 endsFsy bace

= 0.14 * Z8.7 / 2 - 79 lb

2 2 1/2
and F a ((F ) + (F z ) 1 79 lbsxy sx sy

To avoid slipping between the top strap and the top of the filter, the
maximum possible shear force is calculated using a friction value of
0.15 between the members and the relaxed minimum bolt preload

. - . . -.- . . . ..
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F 0 15 3 ,) lb = 103 ib

Thus ME = 103 ' 7Q) I = -0 0 4

The margin of safety for load case #2 is neqat ve, hcwever the S
mounting bolts can absorb the 5hear loa,-

ME = (91E+01 2 0 ,18) / I , --_ = ) 4

. in:e these mounting bolt3 3ustain both tensin snj .thear e e::ect
)i beth 3tr.:ss are oombtned thr ,ugh ! "u-it.n ,t t he crr'eno ng
"factor of limit load capablillitle " wh:zh are hern :cm::n-

FLC = MS + = 0 68 + 1 1 63

and FLC = ME + I = 9 4 + 1 10 4

Th!en FLC = , = ' T3

I f1 1 b8< + ( 1,10 4

Margin of safety summary, top strap to IF module top bolts

LOAD TOP BRACE<--)FILT ME ME BOLT MS
CA3E 2 0 SF Z 0 & 1.4 GAP SLIP SHEAR COMB

1 0 68 0 46 Z86Z 3 6 71 0 58

2 U 68 0. 46 286Z -0 34 1 4 0 55 '

3 0 68 0 46 152. 3 7 0 58

4 0 68 0.46 1309 6 8 1Zz 0 58

The geometry for tension tear out is

The ultimate strength for tension tear out is

where A 52 2 /2

A Z$C(0 25 + (0 6) ) -D] t

=2 1 ED 65 - 0 25 3 * )25 0 S in

P 4Z E+03 * 0 5 ZI E+03 lb
u

A.

Sii

3 -.".
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The maximum shear load was 79 lb

Thus MS utear z Z1 E+03 / (2 * 791 - I = 13-

Checking for yield by using as safety factor of 1 25,

MS = E+03 * 0 5 / Z1 t , 79) - 1 = 176

The geometry for shear tear out s
/ /

, - 23?

A 2 4 (0 .375 1. 1Z5) = 0 34 in

Then MS = 27 E+03 * 0 84 ( 2 * 79) - 1 143shear

Checking for the bearing strength,

e/D = 0.375 I 0.19 = Z.0

D/t = 0.19 0.19 = 1

yield a k 1.8
bru

A = D * t = 0.19 * 0.19 = 0,036 in2

br !
Then Pbru = kbru * c A bru

= 1.8 * 4Z E+03 * 0. 036 = 27z9

MSbr u  = Z729 / (Z * 79) - I = 16.2.

Margin of safety summary, top strap attachment from filters to IF
module

LOAD TENS TEAR SHEAR BEARING
CASE ULT YIELD OUT

1 928 1238 1006 119

13Z 176 143 16

3 953 1 ' 1034 123

4 1581 2108 1715 204
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5 10 Synthesizer upper deck A
The 5sVnthesizer subassembly consists ot an upper deck, the
synthesizers, and a mounting adapter plate The upper dezk contains
the RF input attenuators and ampl:tier! it atiche_ to a :enter rib
with five 6-32 screws and to each 5vnthes:zer with one 3-32 screw

First considering the upper deck whose we-grnt with ,.omponent5 15= 4 7S "'
lb, the Z-dX15 accelerations produce a load of b.

F = 4 ?5 lb * ZG 11 -. crew =

: 4 .7 5 * Z' 7 11I = 1 Z !b -

The Y-aX15 acceleration produces a moment. 2

"M. : 75 lb 9 IfG % i nctt = 3 n- 1b. ,.
Dy

) ,

F : M /(6 4 6 35 inch = i b.-

X-ax(is accelerat ion also produces a moment,

4vr%

" f U:6
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M 4 75 % XG 2 2 inch 4 75 37 1 9 b n-box

Which 15 countered by F

M = 2 $ F * Z 43 *

(I + 0 43/Z 43 I 57/ 43 + 1 0/ 43 2 J

F Z 15 ~ 3 #3 I 2 lb

The total tensile load is then

F =F + F + F
zmax zx z V zZ

7 + 1 0 + 1.2 = Z 5 9 lb

Part of this external interface load in taken bv the flange Ths
geometery of the fIlange is closest to case 2 of reference Z.-5 The
calculation of the effective flange area is

A. PI $ D -D ) /4h

+ Pl * YD .D .1) * (D L /5 + L.Z!100) / 3Sw w J
3.14 * (0. 3122 0. 142 4

+ 3 .14*(0 .4/0.312 - .1)*(0 .312 * 0.2/5 + 0.2/100 / 8

0 .067 in

The fraction of the external interface load taken bv the adapter plate
is

A* E.
FRAC A A

TB * EB + A E

0 061 k I F+07

0.00909 * 2.91 E+07 + 0.067 * 1 E+07: '3

The 6-32 bolts used to attach the upper deck are type 316 stainless
steel for which

37. 5 E+03

75 E+03

The ultimate bolt strength is then

P 75 E+03 * 0 00909 = 682 lb
tu

P 37 5 E+03 4 0 OOQ0 9 : 341 lb
su

The expected tigthening torque is 7 to 3 in-lb The maximum bolt
preload is then

L,"

.,,"<'" ",2,',.'2'2"_.-,"'(,;",'- - v ... K . :%. . ' t . . .: """. .d,".-, 5.
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F P = 60 t B = 480 lbmaxPRE

and F avgPRE 50 * 8 = 400 lb

F = 40 4 7 = Z80 lbmi nPRE

The margin of safety can then be calculated using a safety factor of
two on the external interface load

Ms = 682)/(Z 1 il-0 72) 5 + 480' - I = 0 83

Using an average ualue for the :oefficent of fr::tion, and - .z;et*
t. D r 1 4 Ti the ,eu n.g pret-.noi51n

MS = (682)/(2 * (1-0 7Z) A 2'E '? + .4 t 400) - 1 = :'

Gap-ping of the joint under minimum mounting torque and maximum torque

irict-ton mu.t be -zn5;dered After the 20 "o rel a::ation ir:m the
initial preload, a preload of 0 .3 * B0 = 22I, lb. If tIne -apter
plate fracton of the external load were to exceed thla mini.mum
preload, gapping would occur.

08

MS = Z24 / (Z * 0.72 * 25.9) - I = 5.0ga p

The shear loads in these bolts are produced by X-axis and Y- xi"
acceleration.

P = (W e ) * XG / 11 bolts = 16 lb
sx deck

P = kW ) * YG = 1 7 lb
5y de ck

PXV sx 29 y /2

= 16. 1 lb

To avoid slipping, the maximum possible shear force is calculated
using a friction value of 0.15 between the members and the relaxed

minimum bolt preload.

Ffr1c 0.15 * ZZ4 lb = 33.6 lb

Thus MS = 33.6 / (2 * 16.1) - 1 = 0.04
slip

If the holding friction was not sufficient, the mounting bolts :nust
absorb the shear load

MS = (37.5E+03 * 0.00909) / (2 16,1) - 1 9.6
5

FLC = MS + 1 = 0.38 + 1 = 1.38t t

and FLC = MS + 1 = 9 6 + 1 = 10 6
5 5

Then FLC = 1 1 3comb 1/2(1i/1.38) + (1/10 6) ]

. . . .. . . . . . . . . . . -,. .".%.
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Margin of safety summary, upper deck mcunt-nq bolt-
°U

'U

LOAD UPPPER DECK MS GAP MS SLTP MS SHEAR MS ZOMB
CASE Z.0 SF 2 .0 & 1. 4

1 0. 38 0.19 5.0 0 04 9 6 0 37

2 0 40 0 z0 11.5 0 33 1z 5 0.39

3 0 28 0 19 4 9 4 40 53 7 IL

4 0 41 0 21 154 Z 78 27 10

The upper r eck must withsr.and the bending produ.-.ed f)n it i"n,4 by -"

the Z-axis loading %

M 0.15 inch * F = 1 15 25.? 3.39 in-lb
0 zmax

then the stress

= 6 / M b t

- 6 * 3.89 / (2.08 4 (0 Z) -

= Z80 psi

Shear stress is also present,

Ti-h e a r Fzmax shear

= Z5 9 (2 .05 * 0 2) 63 psi

The combined stress is then

= + 3 * ear+

2 Z 1/2= ((280) + 3 * (63) = 300 psi

The margin of safety is -

MS = 4Z E+03 / (2 * 3C00 - I 70ubend

Checking for yield,

Ms bn 35 E+03 I (1 25'300 - 3

I

-.:-."--- ,.v v ." ."."v---- .- ;. ,% ' .',...-.-..-. .. ."l- -1" "-.-" '.'..- ." ".' " ".. -'' "-: " '."-. , ." '"-""1 .
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The flange geometer7 for tension failure i s

/

The 'J'- rflgqt for ens~on tear Dut is

p Wu A:"

where A t  = 3 8 -nch 0 . inch = i> ;n= a.

PU 42 E+03 * 0.416 = I.?E+03 lb

The maximum shear load was 16.1 lb, thus

MS utear : 1.7E+03 / (Z 9 16.1) - 1 541.Uti
Checking for yield by using as safety factor of 1.25,

MS r = 35 E+03 * 0.416 / (1 25 * 16.1) - 1 = 722

The geometry for shear tear out is

._.. / ._ . :ool2

A =2 * (0 15 A0 .) =0 06 in

Then MS = Z7 E+03 * 0.06 I (2 * 16 1) 1 = 49shear

Checking for the bearing strength,

e/D = 0 15 / 0 14 1 0?

D/t = 0.14 / 0.2 = 0 B5

yield a k = 0.9
bru

A 0 $ 9 t =0 14* 0 3 E-'r :n;

,.-
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Then P =k 9 .\

bru bru t bru

= 0 9 * 42 E+03 * 2 a E-02= 1058

r.
MS br u = 1058 / ( 1 K 16 1) - 1 = 32-

Margin of safety summary, upper deck asseMtlv 1hange

LOAD BENDING STREZS TENSION TEAR _SHEA R BEAR rIG
CASE TENS Y I ELD TENS 'IIELD ,) UT MS

1 70 4 242 ? z 49 3
.P

z 149 198 688 918 63 41

3 68J 01 2804 3. 40 -1 169

4 190 Z53 1966 z62Z Zg1 115

5.11 Synthesizer mounting

The synthesizer consists of two small br:cks, the upper ieck attaches
to the larger whose weight is I lb Each svnthesizer is atta:hed to

the synthesizer adapter plate with five 4-40 screws

'4."

0,15 
;bw.#xy

The X-axi5 and Z-axis accelerations on 'he mass of the svntheslzer
combine with the moments produced bv F and F transferred
from the upper deck to produce the maximum enion in bolt A

upperj en in i-b l

.-.

A 4 475+2 735*2 735/4 475+2 235*2 2 5)8 575+ 98 0 98 4 4 S)

,F * 5 0 + F *315+1 lb ZG * +1 lb K XG 4 1 53
zmaA 5x j

. - .. ..,. .. . .. ....- . .. .....-,.'.-' - ,.-. ,....--'. .- ,, ... ,, , ., . . . .,' -. ,..-.. '.. ,.- , .-.:,



IF

TN Z03b-1310 NR/01 FEB STRUCTURAL ANALXS31 RE . H O it, Page

F = '43 4 / V7 48) = 32 5 lb
A

Add, tional loading "s produced by Y-i:5 accel erat icns,

0,,V

Fv
3.) '

S F 1 13 ' + I b t 'G S'1
BL

.,

F 1 7 f 3 1S + Z. 7 1 56 3

The maximum tension load is

FAB = 32 5 + 5 4 = 3' 9 lb

Pi.rt of this external interface load in taken by the flange. The F-

synthesizer is attached to the adapter plate with 4-40 flat head

screws. The geometery of the flange is not considered in reference
2.5 The calculation of the effective flange area performed using the
diameter of the flat head. z!

A PI * (D - Dh') / 4

3 14 * (0 2252 0 1122) 4

= 0 03 inz

The fraction of the external interface load taken by the adapter plate

A E
FRAC * E A ..

AB EB + * E 

"0 03 1 E+07 0 63
0.00604 * 2.91 E+07 + 0.03 * 1 E+07

The 4-40 bolts used to attach the upper deck are type 316 stainless
steel for which

37 5 E+03 [

a-t 75 E+03

-t.

~% % .. '. .%..~ ~ % % %~.4% .4..~.' . . '.4.***. ,'.- |
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The ultimate bolt strength is then

P = 75 E+03 * 0 00604 = 453 lb
tu

P = 37 5 E+03 * 0 00604 =2236 lb

The expected tightening torque is 3 to 4 in-lb. Thus for minimum
fri,.tion (u =0 07-34) and maximum torque (for these small tc he
,nut factors" are very approximate

Fm : PRE = 71 t 4 = Z34 lb

For an average friction value of u = 0 1,

F = 59 I 4 = 236 lb
avgPRE

and for the maximum friction value and minimum torque,

F 47 * 3 = 141 lb
manPRE

This minimum preload will be reduced an additional 20 % for the
gapping analysis which will follow.

The margin of safety can then be calculated using a safety faztor of
two on the external interface load.

MS = (453)/(Z * (1-0.63) * 379 + 284) - 1 = 0 45t
Using an average value for the coefficent of friction, and a 5afety
factor of 1.4 on the resulting pretension.

MS = (453)/(2 * (1-0.63) * 37.9 + 1.4 * 236) - I = D 26 ,t

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation from the
initial preload, a preload of 0.8 * 141 = 113 lb. If the adapter ..
plate fraction of the external load were to exceed this minimum
preload, gapping would occur.

MS 113 I (2 * 0.63 * 37 9) - 1 = 1.4.
gap

The shear loading comes from the X-axis and Y-axis acceleration and
the moment from the upper deck.

F ( W * XG + F ) I 5 bolts
5ynx svn sx

(1.0 * 37 1 + 16) I 5 = 10.6 lb

F W * YG / + F * 5 /(7.48)
syny sVns sV

1*4 0/ 5.+ 1.73 /7 18 =Z 0 lb

and F 2 ((F ) 2 (F 2 / = 10 3 11bsxv synx svnv %
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To avoid slipp.nq between the idaprr ind 'he -EB e ite the

maximum Pos5ible shear torce is calculated usinq a triction value ot
0 15 between the member5 and the relm.;ed minimum bolt pre1:J

Ffric = 0 15 113 lb z I- lb

Thus MS 1 17 / (2 9 10 3) - I = - 3SliP

Since the holding friction is not sut:icient, the mounting bolts must

absorb the shear load

MS = 37 5E*03 ' 3O -O.4 . 1: S - 1

:ince these mount ing bolts sustain t h tensin snd £hear 'he e e

ot both stress are combined throuqh :a!_u1mt :n .i the z:rresponm ng
"factor of limit load capabilities" which are then combined

FLC ME 5 = 4 E + t I '5
L

and FLC = MS + I = 5 5 + 1 = L)

Then FLC = = 1.44
C(1/1.45)' (1/10 5) 1

Since these attachment bolts are not near the edge of the adapter

plate, flange tension tear out and -hear tear out need not be checked

Checking for the bearing strength:

e/D = 0 767 / 0 11Z 6 8

D/t = 0.112 / 0,15 = 0 75

yield a k ) 3
bru

A b  = D * t = 0.112 * 0.15 = 1.7 E-oZ in2

br

Then P m k * 4* A
bru bru t bru

= 3 * 42 E+03 * 1.7 E--0Z = Z117

MS = 2117 / (2 * 10 8) - 1 = 98bru

Margin of safety summary, synthesizer mounting bolts

LOAD SYNTHESIZER BOLTS ME GAP ME ME ME ME
CASE Z 0 SF Z.0 & 1 4 SLIP SHEAR COMB BEARING

10 45 0. Z6 1 4 -0 zz 9 5 0 44 98

20 41 0. 23 0 8 -0 40 7 0 0. 39 75 l0
3 0 45 0Z6 1 4 22- 42 5 0 4 410

40 54 0 33 5 0 1 73 35 6 0 53 345

S'. S S. - * I - .n~ -

.~ p ~ .jp ~ ~ 'J~4.* ''
a !S
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5 12 Synthesizer subassembly adapter plate mountng

The synthesizer subassembly I s fastened to the FE2 baseplate tnr )uh
an adapter plate so that it can be removed #trom the top without

acces sing any screw heads on the underneath side ot the FEB_ basepiate
The total '4ejht oi the ubas.embzlv ,7 13 lb Telve 10-3, type

AZ86, stainless steel screws attach t'he subas5 emb,' to the baseplate

_, p,..

- '4- L,~-
TI

The CG is Jirectlv overtop the center o- the screws Z-a;::s
acceleration produces tension only -P

F z = W*vnsub ZG /12 bolts

= 18 Z-2 7 I Z1 4.05 lb

X-aXis acceleration produces a moment of

1 W XG * Z.52 inchMOR svnsub

18 * 37.1 * 2 52 = 1681 in-lb

2.S19 
%

F

*13

This is countered bv

F M /(6 *(7,iZ5 + (0 5/7 125) '35)) 39 1
zx O x

The Y-axis acceleration also produces a moment,

M = YG 2 52 inch "6
oy svnsub

= 18 4 * Z.52 = 181 in-lb

3""



TN 2036-1310 NRiO1 FEB 3TRUCTURAL ANALYEZ: RE.' H FPU 1'3C P

which is countered by

F =M !M4 9 ( r2 43 + i 57 Z43 1 57 + 0 43, 42 3 0 43ZV oV

1 Z ; lb

The maximum tensile load i-= then

F = F + F + F
max X Z V Zz

= 39 1 + I ) + 4 ) 56 lb

Part cf thiz ei:ternal interface load in taken bv the ;lance The
Csmetr' ,  : the: anqe is cl c : e , - :-r-n: . - The

za1culatI on f the efIective tlange area : s

A P1 * (D - D ') / 4
1 D /D h- 1 1. L L 10 3

J W

2. 1 9 k 0 37S- -5 25 ' 4
+ 3.14*(0.75/0.375 - .iL *(0.375 ' 0.15/5 + 0.15,/100) I 5

2
S0. 07 in

The fraction of the external interface load taken by the adapter plate
is

A. * E

FRAC -
A E + A E.

B B
0 07 9 1 E*07= 0.54

0.02 * 2.91 E+07 + 0 07 * I E+07

A joint diagram will thus show that 0.54 of the external interface
force is taken by the flange and 0.46 of the interface force is taken
by the bolt which adds to the preload of the bolt to produce the
maximum bolt stress.

The expected tightening torque is 30 to 34 in-lb. Thus for minimum
friction (u =0 07B4) and maximum torque (using the "nut factors" from
reference 2 6)

F = 44 4 * 34 = 1510 lbmax P RE

For an average friction value of u = 0 1.

F = 36 5 * 34 = IZ41 lbavg PRE

and for the maximum friction value and minimum torque,

F =,, 28 8 * 30 = 864 lbmi nPRE

This minimum preload will be reduced an ad."ltional 20 % ifr the
gapping analysis which will follow
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The margiin of safetV can thon be : a "u i ted i : . "
two on the external intertace load.

ME t  8 80 ,( I0 5 4 6 - 1~ 0 5 103

Using an average value for the coefficent of fr:ct ion, anc a L- -e?
factor of 1.4 on the resulting pretension,

Ms = (2B00 /i(2 (1-0 54) 1 56 + 1 4 t41 - - - 7,

GaPping of the joint under minimum mcuint nq torque ind ra-:mum ":ri e
fr: ticn must be :3nsidered After the 20 '3 re a t cn ::':m e

i ! : re1:-d prra f -, - 7. . M
p :-'. "r~cticn ot the e:.:ternil );ic .e: . ... . . ,_ . : ,m'T

prel ad, gapping would occur

ME =691I(Z 0 S4~ f -1=I 2J
ga p

he 3hear lad nq :mes fr:m e "-.::5 n j -:: . I

F = (W K XG / IZ bolts
sX svnsub

= (18) * 37.1 I 12 = 55 6 lb

F = ( YG I 2 t ".Z
sy s',nsuo .

= (15) K 4 0 1 = 6 0 lb

and F ((F + F I Z ) = 55 l b5:1'1, 5X x 1

To avoid 5lipping between the adapter and the FEB baseplate, the
maximum possible shear force is calculated using a tr ct ion vaue D
0 15 between the members and the relaxed minimum bolt prei;a-,

Ffric = 0. 15 * 691 lb 104 lb

Thus ME 104 I (Z * 55. 9) - I = -0 .07
slip

Since the holding friction is not sufficient the mountin; bolts must '.
absorb the shear load .

MS = (91E+03 * 0 Z / 55 ?) - 1 = 1S 3

.ince these mounting bolts Eustain both tension and 3he.r th ffe-cl
ot both stress are combined through calculation Of the ,orreEpondingq
"factor of limit load capabilities" wn. ch are then comnlne2 ,.

FLC = MS + 1 = 0.79 + 1 = 179
t t

and FLC = MS + i = 15 3 + i = 16 3
5 5

Then FLO1 = I 7"
comb 2 2 iz

[(1/1 79 * (1/15 3 1

2g
. - S . . .. . . . . . . .,--.
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Margin o saietv summar';, svnthe5izer 5ubassembl , adapter plate bol ts.

LOAD BOLT ADAPT, - BASE GAP SLIP BOLT MS
CASE Z 0 SF 2 0 & 1 4 SHEAR COMB

1 0 79 0 57 11 4 -0 07 15 3 0 78

0 Is 0 53 6 6 0 18 1) 7 0 7 4

3 0 '5 0 A4 5 7 3 7'Q 83 1 0 75

32 01 )14 2S3 3.- 3 ':

The adapter plate must w, !istand the ben~in, pr:juced on its flange b"

the Y-axis loading

',,a<" ..
, = 0,15'

M 0.625 inch * F 0.6Z5 * 51 31.9 in-lbo zmaz

then the stres

=6 *M b b
bend o

6 * 31.9 / (.08 (0 15)

= 4087 psi

Shear stress is also present,

ear Fzmax I shear

= 51 / (2 08 * 0 15) = 163 psi

The combined stres is then

2 3 * Z/)
a Cb e n5d ) hear

2 2 1/2
= ((4087) + 3 * (163) ) i 

= 4100 psi

The margin of safety is

MS 4Z E+03 1 (Z t 4100) - 1 1
ube nd

Checking for vield-

MSE 35 E+03 / 1 25 1 11')n - 1 5 3
ybend

S
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The flange geometeri for tension tailure iZ

0.o

The ult rmzt/ -tren,;th for tension rear -ut

t= I At

where A t b - (D # D-)/- t-t 1

= (Z.08 - (0 25 + 0.4)/Z) * 0 15 0.263 in =

P = 4Z E+03 * 0.Z63 = 1.1 E+04 lb

u

The maiimum shear load was 11.5 lb, thus

ME I i. I E+0 /) 4 2 * 5 6 ! 3,
utear E

Checking for yield by usino as safetv factor of -1 25 ,

M E = 35 E+)2 9 0 26 ,2 1 (. E I , ,
t

The geometr7 f r s her tear out is

= 0. 3 1S

A Z )3 S 1I51 '- 3i5

Then MS = Z7 E 03 * 0,112 1 , - =Z6shear

,hecking for the bearing strength:

e/D - 0.375 / 0 25 = 1 5

D/t = 0 25 I 0 15 = 1 7

/ ' k 1 1
hru

7*

"- -" " ' " ' " -'- " " "" " " ''" % ' ," ,
% '' ' ' Z '¢ , ' '' '

" ," J " , ' " " " " -
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A = D * t = 0 Z5 * 0 15 = 3 75 E-02 in,

VThen P =k *A
bru bru t bru

= 1 4 42 E+03 % 3 75 E-02 2205

MS = 2205 / (2 * 56) - I = 19
bru

Margin of safety summary, svnthesizer adapter plate tlanq ,

LOAD BENDING STRESS TENSION TEAR .HEAR BEAR I
CASE TE.I YIELD TENS YIELD OUT MS

1 4. 1 5 8 98 131 23 1?-

2 2.1 3. Z 125 166 33 Z4

1 .8 .a 510 680 1 01

4 9.5 13.0 357 477 97 70

a.&
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APPENDIX A

VJIBRATION MODE PLOTS
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